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'"OTF?!    ON  THF  AlTATOT'^f    \WD  J.IYF  T^IHTORY  OF 

I 

T'oira  atro\'o;-j,  \,  ki'-X-'-'"  i'',  >---  i;e j.-ncu^e  ,  li;  :..ri  r^ccyxif. 
'^chinoid  which  is  included  in  ti^s  suh-class  ^^patangidae,  and 
is' placed  .v;ith  many   o-^her  genera   in   the   family  Pirissina, 


/.  "nuring    the   summer   of   1904,    at    onf^  Marine   Laooratory   ^f 
Lje   Tjni  .:ed   states  Eureau   of   "R'isreries ,    "Reaufcrt,   N.    C.    the 
.Director,    Dr.    Caswell  Grave,    at   the   instance   of  Professor  W. 
K.   Brocks,    sucfi'^sted    ihe    study   of   the   life  history   of  I'oira 
atropos,    an   irre?_ular   echinoid  v;hich  is   very  ahundant    on   the 
shoals    of   the   harhcr,        "further  work  was   x>''i"formed   in    the 
■Biological  lAtoratory   of   the   Johns   Hopkins   University.      I   am 
indebted   to   T\r ,   T,   K.   ''^rookK,    as   teacher,    for  his    oversio:ht 
du,ring    the  progress    of   this   work.        rye,   f.    a.    Andrews   has 
kindly  assisted  me   in   technical  difficult!       .  .  .    r:asv/ell 

firave  has   given  me   the  benefit    of  his    experirtnce    in   the 
embryology  of   echinoderm^.       i   am  under   obligations   to   the  Kon. 
Geo,   "',   ■po-A'^rs,   United   states   rcmmissioner  cf   "1;.    ei-i-s   for 
the  privileges    of   the  -Reaufort  Laboratory.  , 

^irecvjr   cf   the  -oeaufort   laboratory   during   19o6  placed  at  my 
disposal   ^.vnry  conveni-^nce   for  the   prosecution   of  the  work. 
■Drofessor    Alexander    Agassi?.,    "nr.    r.   Grave,    ano   -    .       .    ^.   yndf.rs 
have   assisted  me  with    illustrations. 

.       .    •    ussii-,    (1) 
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The  range  of  y^oira  atropos  is  from  >Torth  Carolina  to  the  '"est 
indies.    It  has  heen  collected  from  depths  of  80  fathoms. 
A.-c  "Reaufort  >T.  f.  the  aniroal  has  "been  dredged  occasionally 
outside  the  inlet  where  the  average  depth  is  about  ten  fachor.s. 
however,  it  is  most  nunerous  on  the  various  shoals  of  the  harhcr. 
It  has  its  home  in  the  silt  of  the  shoals  against  which  the 
river  currents  first  corie  in  contact.   F.egions  of  Coarser 
materials,  r^^efs  of  oyster,  and  tre  gravel  and  sand  of  the 
seaward  siae  are  never  inhabited  by  T'oira.    The  fine  mud  renaers 
movement  less  difficult  and  less  dangerous,  as  th=!  test  is  V'^ 
thin.    The  surface  of  the  mud  is  covered  with  an  abundant 
growth  of  diatoms,  an  imijortaat  constituenc  of  the  food  of  the 
animal.   figure  1  is  a  diagram  showing  the  animal  and  its 
surroundings. 

^'ETHODS . 
The  animals  w^re  dug  on  the  shoals  at  low  water,  and 
kept  in  the  laboratory  in  running  sea-water  until  needed. 
The  presence  of  the  animal  was  indicated  by  the  "sign"  which 
v/ill  be  described  later.    Tjp  to  the  time  when  I  successfully 
fertilized  artificially  the  eggs  of  iToira,  there  had  been  but 
one  successful  attempt,  by  prof,  TTachtrieb^  and  I  am  inclined 
to  believe  it  was  an  exceptional  case,  as  at  the  hour  at  which 
the  meagre  reports  state  the  eggs  were  fertilized,  l  have 
found  it  impossible  to  get  any  results,   toirther  attempts  by 
other  workers  were  failures  as  rii>e  eggs 

1.  -ecords  of  the  T^.eauforn  Jaborn-.rv  ^.;^ 
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were  unat tai n-able .  '^or   a  month  in  the  slimmer  of 

1904  I  made  various  experiiaents  to  discover  the  zirae   or   con- 
dition unusr  v/hich  r-ipe    eggs  ralight  he  obtained,  or  the  ani- 
mal forced  to  mature  eggs.    ""fertilizing  on  uhe  shoals, 
attempts  to  excite  t}  e  emission  of  the  sexual  products  throw:"' 
the  pr'esence  of  hotr.  sexes  or  by  placing  large  quantities  of 
sperm  in  sea-water  v/hich  contained  many  animals,  .^'.nd  attempts 
to  .'-asten  maturation  bti  allowing  the  animal  to  sicken  in  viti- 
ated  v;a:er,  v;ere  r  "  ponr(>ft4  failures.    Finally  I  began  the 
experiif.ent  of  opening  femal^B  within  the  laboracory  at  diffei-- 
ent  hours.    T^en  I  discovered  that  the  eggs  mature  durir.r; 
the  night,  for  I  have  succeeded  in  getting  mature  eggs  from 
females  from  3.00  A.  M.  until  7,00  A.  F. ,  about  which  time 
they  are  evidently  discharged. 

At  daylig;-:t  the  animals  were  opened  and  the  gonads 
removed.    The  sexual  products  were  then  examined  under  the 
microscope.    If  males,  the  o«stes  were  placed  in  a  tumbler 
of  filtered  sea-v.-ater.    After  several  testec..  ^f  undoubted 
maturity  had  been  removed,  the  remaining         -e  discarded. 
If  the  eggs  proved  to  have  maturated,  the  ovary  v/as  placed  in 
a  tumbler  of  sea-water.    Severe  mutilation , was  selaom  necess- 
ary as  the  ripe  eggs  streamed  from  the  several  ducts.   Usuall;, 
only  a  few  mature  feuiales  were  found.   A  recorci  which  v/as 
kept  of  two  hundred  and  twenty  four  individuals,  which  were 

1.  n.  Crave  (l4) 
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collect.ed  on  ^.hrftft  different  day.  .        a  hundi-ed  and  four- 
teen riales,  ninety-three  iimnature  feri^vies,  and  seventeen 
females  v/ith   ripe,.    eggs.    Of  these  latter,  seven  v/ere  , 
from  a  lot  which  was  kept  in  the  Lahoratory  in  running  sea- 
water  thirty-eight  hours  before  they  were  opened.    Great  car- 
was  ftxercis-^fi  to  k«^''-^p  utensils  a.nd  instruments  free  fron  con- 
tamination.  In  addition  two  sets  of  instruments  v/ere  eraploi  • 
ed,  one  set  for  each  sex,  r.o  j.revent,  premature  fej  tilizaticn. 

The  reBiains  of  the  gonads  were  removed  from  the  tumblers. 

were 
The  eggs  decanted,  when  they  had  settled,  and  uihen  they  were 

in  suspension  in  order  to  get  a  pure  collection  of  eggs.   To 
fertilize  the  eggs  several  pipettes  of  dilutee  sperm  v.ere  add- 
ed to  a  finger-bowl  of  eggs  and  the  water  agitated.   After 
the  eggs  }\ad  settled  the  excess  of  sperm  was  removed  by  succe. 
sive  decantings.    I:ecanting  was  repeated  at  intervals  of  cne 
hour.    After  the  blastulae  began  to  swiin  at        :'..ce  they 
were  similarly  decanted.    "inally,  the  swinuiiinr  i  lastulae 
vp  re.  -laced  in  preijaration  dishes. 

The  further  cultur'^.  of  the  larvae  v/as  successfully 
conducted  by  the  use  of  riethods  devised  by  Grave,    A  diatoji^- 
■m.c'^ous  ooj;e  is  dredg'^id  v/ithout  the  inlet  at  Beauf 
and  placed  in  aquaria  three  to  four  v/eeks  before  tne   r:,  .^u.-.ria 
ar?^  r-s'if^d.   The  aquaria  are  covered  and  -  l;^cec  in  ■>-  ..nn- 
1:;    .    ■  rich  culture  of  diato^ts  appei  • 

.I.e.  Grave.  (In) 
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the  raud;  this  culture  invades  the  surface  of  the  glass  and 

extends  to  the  water  line,   V.Tien  the  aquaria  are  required, 

the  ooze  is  removed,  ixnd   the  jar  cleaned  with  fresh  sea-water 

care  heing  taken  not  tc  remove  those  diatoKis  adherfdg-  to  the 

A 

sides.    Ths  jars  are  filled  with  fresh  sea-water  and  a  few 
pipettes  of  diatoms  in  sea-v/ater  added.    The  diatoms  and  in- 
organic particles  sink  -o  the  hottom.   All  sea-water  used  fc, . 
uny  purpose  was  dravm  at  hii;h-tide,   Por  rsarin^:  larvae  it 
is  imperative  that  all  the  sea-water  "be  filtered  throu^ih  cot- 
ton to  remove  the  copepods  v-hich  voraceously  devour  the  larva? 
\"hen  the  larvae  ure  twent:;-four  hours  old, they  are  pli<.ced  in 
thes,  aquaria.    V.hen  the  larvae  "brush  against  the  sides  they 
secure  food  from  the  culture  of  diatoms  wi  ich  grow  there. 
Diatoms  were  dropjjed  through  the  masses  of  larvae,  tv/ice  a 
day.    The  changing  of  sea-v/ater  v/as  accomyliahed  with  little 
difficulty  by  the  fact  that  the  l;:.rvae  collect  in  .  .-aass^sini- 
ilar  to  un  inverted  cone.    Through  the  centre  of  this  cone 
they  slowly  descend  until  the  apex  is  reached  ^from  v^hich 
point  the  ascent  is  made  along  the  sides  of  the  cone.    This 
collection  of  larvae  hore  a  well  defined  relation  to  the 
light.    X    tk   '*   i  ■■(■.'.I  jars  containing  the  larvae  of  Moira  wer; 
exposed  to  tjie  lit.ht  of  a  north  window.    In  the  early  morn- 
ingjthe  cone  is  in  that  part  cf  '■'-■-.    jar  nearest  the  light. 
V'ith  the  increase  of  li.-^ht  iii  i  m  i  i  *'   '.h:,    larvae  move  to  the 
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sidft  of   the  aquarium  farther  from  the  window;  the  cone  is  not 
so  pronounced, although  the  desoendinc  and  ascending  streams 
of  larvae  continue, 
were  similar  to  those  of  the  morning.    On  placing  i.n   incan- 
descent lamp  near  *-he  aquariuci  at  night, the  larvae  invariably 
collecteti  in  that  part  of  the  aquariup:  most  distant  from  the 
lie:ht.   By  carefully  feeding  the  laryae  and  changing  the 
water,  I  v/as  able  to  secure  a  seri^-is  of  larvae  representing 
tj:e  various  stages  of  development  until  after  they  had  ;  iven 
up  their  pelagic  existence  and  settled  on  the  bottom.    The 
metam-orphoSis  occurred  in  twenty-two  days. 

In  addition  to  the  roaring  &*  larvae  many  were  collect- 
or- y~.y   tov/inp.    These  covered  the  period  froDi  a  day  uld  up  to 

^wt.^t:^    tiro  dOHi  oW    ,vv;U€«  tU  lii.rcr.ie    <if< 

:^  u,..,  -..-,.    — -^—  — T-e  about  to  settle  to  the  bottom.    Ithe   latter 
were  r-^ared  to  later  staf;es  in  small  balanced  aquaria.    The 
tow  records  are  significant.    At  nigr.t  I'oira  was  rarely 
collected.    The  larvae  become  scarce  towards  the  end  of  Jul.,  j 
being  most  numerous  late  in  June  and  early  in  July. 

The  killing  agents  employed  v.ere  ^''ilson's  picro-acetic 
acid  solution,  corrosive  acetic  solution  and  Petrunckevitsch:'s 
^luid.    Lhe  material  was  preserved  in  60/J  alcohol.    The  re- 
sults were  satisfactory. 

In  the  case  of  the  eggs  and  early  larval  stages,  the 
material  was  dehydrated  in  small  sealed  tubes  of  glass  and 
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tbout  t,o  be  infiltrated  v/ith  paraffin,  these  tubes  were 
enclosed  in  homeopathic  vialb.   Tie  small  oube  prevented  th^ 
loss  of  material;  mliilis.  the  outer  vial'  prevented  the  rapid 
cooling  of  the  paraffin  during  changes.   ^"ith  stages  of 
tv/enty-four  incurs  and  over  ^ the  larvae  v/ere  oriented  according 
to  a  modification  of  Patten's  >Iethod.    In  stead  of  the  pape^ 
sutx^sted  I;!/  Patten,  I  made  use  of  that  cloth  which  is  used 
oy   draftsmen.   .'his  can  be  readily  ruled  v;ith  a  needle  point. 
I'he  ee:p;s  for  the  study  of  f ertili^.ation  and  cleavtige, 
j''j'j."  ".J  were  sectioned  5P-  and  6M;  larvae  and  e.irly  adult  forms 
were  cut  'T+T-fc>  -  u  aiu   U.  .    j.arvae  v/ere  sectioned  in  three 
planes;  (1),  perpendicular  to  the  long  a:x:is,  tran-  erse,  (id), 
parallel  to  the  median  plane,  longitudinal,  (;5),  perpendicular 
r.f,  r.v  e  median  plane,  horizontal.    The  sections  of  eggs  were 
■^      m       the  slide  in  iron  haematoxylin ,  sometimes  counter- 
stained  with  eosin,  and  Fleming's  triple  stain,  saffranin, 
gentian  violet  and  orange  (;.    Section  of  the  larvae  were 

stained  with  Mayer's  haemalum  or  iron  haema,.        ;id  eosin. 

T      ^         ,,         .  ,  .    ,  weafcJw 

In  most  cases,  the  materii.l  was  previously  .-.^^-vj-  .  ,^ir:e..  v, 1 1 

acid  borax-carmine  to  facilitate  the  later  manipulation. 

"Specimens  , which  were  mounted  whole, v.ere  stained  in  acid 

carmine.   To  preserve  the  skeletons,  the  larvae  were  killed 

and 
m  fr'^sh  v/ater  and  at  once  dehydrated^raounted.   The  alcohol;. 
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were  diluted  from  absolute  alcohol  lu  assure  the  absenie  of 
acid. 

The  dissections  of  adults  wer^  inc.v.^.  ^.  ^^  .l  i  ..^   ..coi- 

VJOOTU 

ial  or  '.hat  preserved  in  formalin  at  -eaufort,  K.  C.  and  later 

studied  at  the  Zoological  Laboratory  of  the  John  Hopkins 

.   StucLw 
University.    The  histolotxcal  ^of  the  adult  animcil  was  done 

on  laaterial  thus  perserved.    The  sections  v/ere  cut  5|Jiand  10^ 

and  stained  in  acia  borax-carmine,  iron-haematoxylin  and  eosin, 

or  saffranin.    VV.en  acid  borax-carrnine ,  was  employed,  the 

mat -=•  rial  was  stained  in  toto. 

Decalcification  was  acc.omplisr>ed  :'y  immersion  in  >; 
solution  of  nitric  acid  in  70  .  alcohol.        mount  of  acid 
and  the  tir-i'-  of  'Exposure  varied  wit'-'  •■  "  '  -  -r...  . ,--;. f  i- 

cation  ufi-c-&&*Tew^  .. 

In  August  1905,  Dr.  Cfrave  stocked  a  balanced  aquari 
with  v/orms  and  echinoderms,  but  no  Moira.  -v.ater  v.. 

collected  in  the  outer  harbor  at  Beaufort  anu  nu  aoubt  contain- 
ed larvae  of  various  forms.   This  aquarium  v/as  placed  in  the 
"Biological  Laboratory  of  ':he  Jolms  Hopkins  University.    In  a 
few  months  six  small  I'ioiraswere  observ-  .      se  lived  until 
September  1906  when  the  aquarium  "weni     .  .  of 

I'S 

tv/o    of   these   are  here   fjiven.        The   last    xine    l-  •**^ 

the  measurements    c"    ■"    i  r^'-'ivi dual  ,'•'-"■ '•'•    "    -    ''■^■.  ^■■^ 
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shoals,  <.nd  had  attained  its  growth  under  natural  conditions. 

Lenr;.,-:     V/idth     Depth 

/.v,..-..i  iu7ri 2.50  oia     2.15  cm    L.-^y-  cm 

2.07  cm  ;i.03  cm    1.^4  cm 

Shoal a. 03  cm    1.87  cm   1.78  era 

The  response  to  the  conditions  of  the  aquarium,  where,  at  th- 

£reatest  depth  of  the  sand,  the  animals  v/ere  just  covered,  i 

shov/n  by  comparing  i.h"^  measurements  for  depth.    The  animals 
v;hich  v;ere  reared  in  the  aiiuarium  were  fla  .tened  dorso-ventrai- 

BKKAVIOR. 
-":oira  lives,  imhedden  in  the  mud,  at  a  depth  of  thre-, 
to  eicht  inches.   Figure  1  is  a  diagram    showing  th^.  animal 
in  its  surroundings.    Prom  a  tuft  of  spines  on  the  dorsal 
surface  of  the  animal  there  extends  to  the  surface  of  the  s^ 
a  tuh*!  which  is  atout  3"  i'Tm.  in  diameter.    Through  the  apera.... 
of  this  tuft  of  spines,  ^*«+4r  into  zln^.   tube,  modified  tube  feet 
or  ambulacral  brushes  project.    The  distal  end  of  these 
arabulacral  brushes  is  a  i;isk  v/ith  a  rim  of  prehensile  filamants 
(Fig.  11.  J.  m.  b.  ).    By  a  twisting  movemf^nt  of  the  distal 
lorticn  of  the  ambulacral  brush,  some  of  the  surface  mud  is 
uislodgPd,  and  then  zi-i"'   prehensile  filamanLs  close  arov.nd  th- 
mass.    The  disk  is  then  vdthdrawn  to  the  i<  ^jf 

the  tube  where  the  filaments  relax ^and  t;he  particles  of  mud 


(10) 
with    lihe  atnached  vegeta"ble  matter  dropjB    to   the  bottom,    v/here 

/■&<.  SanoL   a»d    fooc 

I  am  of  th-^  oidnion  that  other  amhulacral  brushes  conv^:-  *-*» 

to  T.he  mcuth.   Grave  has  observed  in  young  animals  kept  in 

aquaria  »t  a  depth  of  a,  few   inches,  that  the  .xrahulacral 

/ 
bi-us}ies  convey  the  food  directly  to  the  mouth.   Kov/ever,  those 

I  observed  upon  the  shoals  behaved  in  the  manner  which  I  hav 
described.    These  tubes  are  constructed  from  beneatb  the  su: - 
face,  as  figure  2  exhibits  a  number  of  tubeswhic-  had  been 
constructed  as  the  animal  moved  throuf,h  the  mud. 

The  action  of  the  ambulacral  brushes  results  in  the 
v^idening  of  the  upper  part  of  this  tube  until  a  funnel-shape^ 
structure  is  attained.    rnes^  funnels  range  in  diameter  um 
to  3  en,  in  depth  to  2  cm.   Vhe  ambulacral  brushes  work  froi. 
the  rim  of  the  funnel  outv;ard-,^*itt&Tiadiating  grooves  are  .con- 
structed.  ^Hien  the  observer  walks  over  tbe  shoal,  he  notes 

a 
numerous  depressions  shaped  like  funnel  with  these  radiating 

grooves.  This  is  che  "signf*  of  Moira,  and  ai:;i-ises  on*^  of 
the  presence  of  the  animal.  Figure  o  is  a  photograph  of  th 
surface  of  the  shoal  showing  a  ni-mber  of  these  signs. 

I'Loira  react  to  tactile  sensations.;   Stamping  on  the 
ground,  or  even  patting  :.h'=r  surface  with  the  palm  of  the  hand 
v/ithin  two  feet  of  an  external  opening  invariably  result-' 
the  instantaneous  v/ithdrawal  of  the  ambulacral  brushes. 


1.  0.  r:rave.  (l.'-i). 
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:  :  arities  of  li-,.':"-''^  ii'i  .  m  ■ .  ,  such  as  alternation  of  intense, 

licht  and  deep  shadow  were  rtpyarently  unnoticed.. 

'Che  animals  never  cone  to  the  surface  except  v/nen  they 

ar'=  forced  "by  adverse  conditions.    On  July  4th,  1902  there 

was  coratined  a  very  low  tide  vjith  intense  heat.   Numerous 

:'oirH5v:ere  observed  on  the  shoals  and  their  tests  were  noted 

/ 
in  nuTohers  for  several  days  afterwards.    Tlie  tide,  the  lowec  : 

of  the  series,  was  rendered  still  lower  by  local  conditions. 

0 

The  naximum  temperature  was  90   ,at  Katteras,  }'.    C,    in  the 

several  years  later,  -July  IG,  19o5',  I  ooserved  similar  conditio! 

protected  shelter  of  the  V'eather  Bur'^au  Station.   Tne  i:lov/ 
locortotion  of  the  animals  made  their  rapid  progress  to  the 
water  impossible  ,«w^  niimbers  were  baked  by  the  intense  heat. 
They  live  on  that  part  of  the  shoal  which  is  never  exposed  by 
the  receding  tide  more  than  half  an  hour.    The  adults  move 
'by   means  of  their  spines.    The  ventral  part  of  the  test  or 
plastron  is  furnished  with  spatula  shaped  spines  which  pass 
tie  excavated  mud  losteriorly  and  also  help  to  push  the  animal 
forward. 

AJiAlj  V. 
I/loira  atropos  is  oval  in  outline,  as  viev - 
(Fi^:.  8.)   Viewed  from  the  left  side  as  in  ^igur^ 
of  the  test  is  slightly  less  than  its  length.    The  posterior 
ventral  corner  is  rectangular,  the  others  are  rounded.    In 

i.  Pecords  of  the  -Peaufort  Lab.  (4). 

2.  rtecords  U.  S.  Weather  Bureau,  haleigh,  N.  C. 
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life  the   animal  is  yellowis   or  straw  colored.   It  is  cover 
with  spines,  most  of  v/hich  are  short.  (Pig^.  10,  11.).    ihe 
mouth  is  situc^t^d  on  the  ve.ntrul  surface  about  one  fourth  the 
distance  from  the  anterior  end  (Fig.  7.  m.),    Xlie  anus  is 
situated  in  the  posterior  interradius,  ahout  h;*lf  v/uy  "r.e^.v/fte.n 
the  dorsal  and  ventral  surface.  (  Fig.  12  ;*,  n.) 
point  of  the  test,  the  vertex, is  ;  osterior  to  the  median 


(Fir;.  '- v-<r.  )  .   Immediately  anterior  to  the  vertex  is  t?ie 
aiiicai  system  which  comprises  Che  plates  hearing  the  madrepori  i.e 
and  genital  openings.  (Fig.  8,  ap^.^. mad .,011,) 

The  ventral  surface  has  a  raised  plastron,  which  is 
coni.'osed  of  the  plates  of  the  posterior  interradius.  (Fig.  4, 
5,  6,  pi.  |.  ).    The  largest  individual  collected  measured  5C 
mm. in  lenc-tr^and  40  mm.  in  hreadth. 

The  test  is  fairly  thin,  averaging ii25  ram.  in  thickness. 
It  is  co.'i.osed  of  plates  v;hich  are  highest  at  their  middle, 
sloping  r,o  the  periphery  and  hearing,:  knobs  to  v;hich  the  spine 
is  attached  (Figs.  4,9.)    These  knobs  are  arranged  in  rows. 
From  the  apex  there  extends  radially  five  rows  of  sunken  plate§; 
each  series  forms  deep  pockets  which  .  roject  into  the  cavity 

Of  00  u-cs 

of  the  test.    These  are  the  petaloids  or  sunken  ambulacra. ;.  ^ 
(Fig.  G  pet.)   The  anterior  unpaired  petaloid  is  the  largest  , 
next  in  order  are  the  anterior  paired  petaloids;  the  ])osterior 


i  i 
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petaloids  are  the  smallest.    Over  these  pe talc ids  the  spine; 
of  ths  nei^:h>M:>i-ino  ^rf^.ts  ^..i-oject  (Fip;.  10,11.),    In  "chizaso-i. 
the  deeper  unpaired  petaloio  of  che  female  serves  as  a  "brood 
chamber;  for  .Avoira  t'h'=;  same  use  has  b^en  sUGg-sted,  Qn    -.his 
point  I  cannot  acid  any  -ositive  evidence.    The  cow,  hov/ever, 
yields  many  larvae  which  from  their  shape  and  progress  of 
development  agree  with  those  larvae  of  twenty-four  to  thirty- 
six  hours  wyiich  I  have  reared  artificially.    The  dorsil  edg-^ 
of  th»  anterior  unpaired  petaloids  extend  over  che  sunken  portion 
so  as  to  almost  roof  the  cavicy.    A  similar  extension  of 
the  posterior  border  of  the  anterior  paired  pe oaloid^ almost 
closes  their  dorsal  opening.  (Fig.  8.) 

The  plates  of  the  radii  and  interradii  are  ranged  in 
pairs,  not  always  with  regularity  (Fig.  6)   V'ithin  the  peta- 
loids, the  plates  bear  two  notches  to  admit  the  tube  feet. 
Except  between  a  few  plates  near  the  apex  of  the  unpaired 
petaloid.,  there  are  thus  four  parallel  rows  of  tube  feet. 
Near  the  apex  in  the  unpaired  petaloid,  each  plate  bears  a 
single  notch. 

Surrounding  the  mouth  there  is  a  series  of  plates 
which  are  rectangular  in  shape;  tv/o  of  these  join  each  ambula- 
crai  v/hile  one  is  in  contact  with  each  interradius.    The 
late  in  connection  with  the  j'osterior  unpaired  interradius  i. 

1.  A.  Lang.  (21) 
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lipped  (;fig.  7).    V'itihin  these,  there  are  a  series  of  srmxllt . 

inoval)le  plates.    Surroundine  the  anus  are  eight  large, 

rectangular  peripheral  plates,  and  within  this  row  a  niunher  oi 

smaller  plates. 

The  apical  system  of  plates  is  immediately  anterior 

to  the  vertex  or  highest  point  of  the  animal  (Pig.  8.  ap,  s.) 

Figure  1..^  is  a  camera  sketch  of  the  seven  ^aates  which  comprisf 

the  apicHl  system.    The  Roman  numerals  rsf^.r  to  the  radii, 

the  Arabic,  to  the  interradii  accordin.;;  to  the '  nomenclature 

of  Loven.    The  five  radials  (r)  remain,  £ach  is  perforated 

"by  a  single  pore  throurh  which  the  end  tentacle  of  the  radial 

water  tuhe  projects.    Each  of  the  tv/o  remaining  plates  bears 

(Tnad) 
a  genital  poreto.ft).  ihe  pores  of  the  madre])ori  te^are  usually  on 

the  right  basal,  although  a  fev;  are  found  on  the  adjacent  area 

of  the  left  basal.    It  is  apparen't  tha"-  the  rigl't  rasil  is 

the  larger.    In  all  the  specimens  v/hich  were  examined,  this 

difference  was  observed.    It  is  evident  that  the  right  basal 

represents  more  than  the  basal  of  interradius,  but  whether 

this  additional  plate  is  the  central  plate  or  the  posterior 

basal,  I  cannot  state, ov/ing  to  absence  of  further  evidence. 

■therefore,  I  have  called  these  two  plates,  basals.  (ba.). 

On  the  denuded  test,  1|,  streaksof  apparently  smooth 

surface  Sa  found.    These  are  callei  the  Semites  or  fascicle:; 

1.    Delage   et   Herouard    (1.'^). 
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(Fig.  8,9  ta.3.)        'Che  peripetalous  fascicle  extendi  around  the 
borders  of  the  . etaloids.    'he  lateral  fascicle  passes  aroun 
the  sides  of  the  animal,  below  the  anus,  where  it  becomes  a 
broad  band.   Anteriorly  it  crosses  the  anterior  unpaired 
petaloid  at  A  triangular  region,  where  the  sides  of  the  peta- 
loid  extend  crer  the  cavix.y.    The  t-est  iurt^   completely  cover*H 
with  spines,  which  are  capable  of  rapid  Tnotioa.     The  spinet- 
are  for  the  most  part  short  and  shaped  like  a  club.  (Fig.  11). 
To  this  there  are  tv/o  exceptions.   The  spines  which  form  the 
tuft  at  the  apex'  (Fig.  11  tt.),  and  those  en  the  oral  side  of 
the  test,  especially  those  which  are  placed  anteriorly, are 
longer  and  pointed.    The  spines  of  the  plastron  (Fig.  11,  pi) 
have  their  distal  ends  flattened;  these  are  shaped  like  a  spaci  ^ . 
The  spines  completely  arch  the  petaloids.    The  fascicles 
bear  rudimentary  spines  v;hich  are  immovable;  these  are  cover'^' 
v/ith  a  layer  of  vibratile  membrane.    Pedicellaria,  usually 
tridactyl  are  found  on  various  parts  of  the  test.  (Fig.  11  oed) 
Figures  11  and  12  show  the  arrangement  of  the  internal 
organs.   The  mouth  (o.  Fig.  11)  is  the  opening  of  the  oesoph- 
agus (oe  Fig.  11).    This  latter  is  a  thin-walled  tube  which 
;  Hsses  posteriorly  for  ubout  two-thirds  of  i.he  distance  of  t.» 
t  St.   At  this  point  (^\  >'igs.  11,12),  the  oesophagus  increase!: 
in  si?--e  to  become  the  stomach,  which  bends  to  the  right  and 
extends  to  the  coecum  (coe.)^a  distance  of  1  c  m..  where  the 


(16) 

wall  undergoes  a  decided  chant  f';  3-nd  the  dip;estive  tract  is 

now  called  the  intestine( int .A. ) .    This  makes  a  complete 

circuit  of  the  "body  wall.   This  part  of  the  digestive  tube 

possessesthin  walls  with  a  folded  endotheiium  and  is  usually 

distended  with  particles  of  mud  which  give  it  a  grayish  brown 

color.    Anteriorly,  at  F   2,  it  bends  on  itself  and  retraces 

the  same  area,  dorsal  to  its  forraer  position.    on  the  left 

side,  the  intestine  (Int.  B.)  does  not  extend  beyond  the 

sunken  anterior  unpaired  petaloid.    At  this  point  (F.  3.), 

there  is  the  final  flexure.    ^he  diameter  of  the  tube  dirain-r 

ishes;  this  remaining  part  is  the  rectum  (rec,),  which  passes 

in  a  nearl;.'-  median  position  posteriorly  until  a  point  above 

the  anus  is  reached^  then  ths  rectum  turns  sharply  downward 

to  the  anus  (an.).   The  second  part  of  the  intestine  (Int.  "-■,) 

in 
is  V  licbt  brov.'n  color,  has  thicker  walls  and  is  not  usually 

as  distended  with  sand  as  i^     ■l.ihwi   : —*i  thR  first  part  of 

the  intestine.    The  intestine  is  held  in  position  by  mesenteric 

strands  which  are  attached  to  the  v/all  of  the  test  nearest  to 

the  tube.    The  mesenteric  strands  of  the  rectum  connect  it 

with  the  stone  canal  and  contiguous  parts  of  the  aboral  region. 

The  most  posterior  part  of  the  rectum  is  supported  by  the  same 

mesentery  (me^)  which  serves  the  axial  organs.  (A.  o.  Figs.  Jl, 

12.). 

There  are  in  addition  to  the  digestive  tube.tv.o 


iJ 
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accessory  ortana.      A  coecum  (coe)  arises  from  the  digestive 

tube  af  ter' ■^-  leaves  the  oesophagus  and  "before  it  bends  to  t^  e 

'^  which  place 

left  in  th'  anterior  region,  ^—  a  decided  change  in  the 

character  of  the  wall  occurs.    :  ^■.    coecum  is  a  thin-walled  sac 

which  is  filled  wi bh  a  colorless  liquid.    Koehler,  according 

to  Haman,  in  a  paper  which  is  inaccessible  to  me,  reports  two 

accessory  intestines  or  siphons  in  the  genera  Echinocardum(si  .  f  ) 

/ 
Schizaster  can^-liferus  and  Bryssopsis  lyrifera.   Later  in 

h.  -2. 

1001  Kosler  added  to  this  list  Schizaster  fragilis.    In  J^oira 
atropos  I  was  able  to  discover  only  one  accessory  intestine. 
'i.'his  arises  'jU    V^f^-    dorsal  tiidft  of  tli^  first  part  of  th-. 
intestine,  ar^Pt-iw: -^feieiiig  O^  i-^md  (  F<^Pi£.  12),        In  Figure  14, 
the  origin  of  the  siphon  (si.)  is  shov/n  at  1.    The  siphon  (si.) 
passes  to  the  left,  dorsal  to  the  oesophagus  (oe)  and  follows 
trie  intestine  on  its  inner  side  i'.osteriorly  until  i:he  intestv^' 
bends  forward,  where  the  siphon  enters  thf^  intestine  at  2. 

Figure  14  is  a  diagrammatic  sketch  of  the  digestive 
organs,  as  viev/ed  from  th'^^:  ventral  side.    It  is  observed  that 

0 

the  stomach- intestine  bends  with  the  hands  of  a  clock  for  b40, 

c 
then  in  a  reverse  direction  for  270  ;  from  this  point  the 

rectum  passes  vosteriorly  in  the  median  plane  of  the  animal. 

Figure  15  is  a  section  through  the  mouth;  it  passes 

tnrough  '.he  posterior  unpaired  interradius  and  anterior  unpalrpf! 

radiu§.    Ihe  conditions  in  both  the  upper  lip  (radius)  and 
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thfi  lower  lip  (intftrradius )  are  similar.   The  water-vascular 
rirxF    (w.Y.r.)  lies  next  to  the  coeloraic  cavity  (coel),    A 
tube  is  attached  to  the  water-vascular  ring:  the  contents  of 

^ 

this  tube  stain  deeply  in  both  bo rax- carmine  and  eosin.   I  ar 
of  the  opinion  that  this  is  a  blood  vessel.    The  perihaeraal 
cavit^r  (p.h.)  is  ventral  to  the  water -vascular  ring.    he 
walls  are  thin  and  are  constructed  of  a  single  row  of  cells. 
Che  nerYfi    ring  (n.r.)  is  next  in  order  below  the  oeri^aemril 
cavity.   The  ^^epineurural  (ep.c.)  canal  wi-sy.  i4i^j  B^^ifi  wall  is 
in  close  union  with  the  nerYe   ring.    In  the  region  marked  j 
upi^er  lip, between  the  test  and  the  coelonic  cavity jthere  has 
been  cut  of  f  "a  large  cavi  Cy  with  thin  v/alls,  known  as  the 
perioesophagial  cavity  (p.oe.^.).    In  the  lower  lip  this  aleo 
appears.    It  has  pushed  its  way  between  the  epineural  canal 
and  the  test.    The  oesophagus  (oe.)  is  the  tube  leading  awa;-- 
from  the  mcuth .  (m) . 

The  water-vascular  ring  is  connected  with  the  stone 
canal  at  the  point  where  the  right  posterior  radial  water  tube 
leaves  the  water  vascular  ring.  '  Accoinpanied  by  a  blood  lacuna 
it  ascends  the  oesophagus.    On  the  left  hand  side  of  the 
oeG:.  ,'ap"us  is  another  blocd  lacunii.    The  radial  v/ater  vessels 
t'ives  off  in  pairs  branches  to  the  tube-feet,  v/hich  nunher 
twpntj'-four^  encircle  the  mouth.   These  bear  on  their  distal 
ends  many  minute  club-shaped  filaments:  each  filament  is 
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su  ported  b}--  a  spine.    In  the  paired  petaloids  are  respirat 

tuhe-feet.    These  are  "branched  many  times;  their  walls  are 

t/iin,  and  devoid  of  supporting  calcareous  rods.    The  ampullae 

of  the  respiratory  tuhe-feet  are  reduced.    The  most  innerest- 

ing  tuhe-feet  are  those  modified  for  feeding:":  these  are  called 

the  amhulacral  V.ri.shes .    Ihey  are  found  in  the  anterior 

unpaired  petaloid  as  shown  in  Figure  11  (am.  h.).   V^hile  the 

are  leas  than  a  centirneter  in  length  when  retracted,  tbey 

can  he  extended  to  20  en.  or  more.   Figure  11  (a:.-!,  h.)  shows 

a  nuraher  of  these  amhulacral  hrusheel:  each  possesses  a  large 

ampulla  (amp.).    Figure  16  is  a  camera  sketch  of  the  disk  of 

a.  re. 
an  amhulacral  hrush,  enlarged.    The  tuhe  and  the  disk,^^*-  of 

a  hrownish  color,  the  centre  of  Che  disk  and  part  of  the 

fimhri^s   ar*^  dotted  wi  f.h  maroon,  v/hile  the  latter  are  tipped 

with  green.    'he  disk  is  divided  into  eighteen jarts ,  each  of 

w'  ich  possesses  a  calcareous  rod  (cal.  rd.).    I'i-is  rod  extends 

to  within  a  fifth  of  the  distance  from  the  circumference  to 

the  centre  of  the  disk,  leaving  the  remainder  free  to  close 

whi'ch  IS 

over  the  sand  held  fast  in  che  disk.    At  the  s  ;jne  time  the 

A 

rods  may  Incline  to  each  other  so  that  a  funnel-shaped  structure 
results.    Figure  17  is  a  camera  drawing  of  a  calcareous  rod. 
The  rods  are  perforated  in  numerous  places:  the  lower  central 
part  is  a  prism.   From  this  hase  a  shaft  extends  towards  the 
periphery.   The  periphery  in  ?':oira  is  not  composed  of  a 
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sin£:le  filament  to  each  sector  as  is  the   case  in  Spatangus 
purpureas.    If   is  f imhridated;  there  are  four  to  six  fimbriae 
to  each  sector.    The  amhulacral  brush  possesses  no  other 
sk'^leton  than  that  indicated  by  the  darker  lines  in  Figure  i;. 

I'.cira' at  ropes  is  dioecous.    There  is  .however  no  sexual 
dimorphism.    The  t^vo  sexes  may  he  distinguis'-ed  (jnly   by  the 
color  of  the  gonads;  the  testes  are   bri;7,ht  yellow,  while  th^ 
ovaries  are  pinkish.    The  tf^stes  are  usually •  smooth,  whijw 
ripe  ovaries  may  appear  granulated  , owing  to  eggs  which  they 
cunt-.-iin.    ihere  are  tv/o  gonads.   Each  gonad  has  a  single 
duct  which  passes  through  the  pore  on  the  basal,  or  genital- 
plate  where  it  0i)'=;ns  throUi';h  a  genital  papilla.    The  gonads 

UtiH 

are  much  branched:  the  finest  branches  or  tuhftAes  anas  tuimoo-e 
to  form  larger  branc'^es  -ivhich  join  in  their  turn,  and  so  there 
are  several  larger  ducts  which  unite  to  form  the  oviduct  or 
sperm  duct.    The  gerra  cells  arise  from  the  epitheliun  of  the 


lumen  of  the  finer  branches  of  "he  gonari  , 


miTinrcis  fuldoi    In  Figure  la^which  is  drawn  from  h  hihj.*^, 
the  right  gonad  is  misplaced- "anteriorly  to  expose  the  branch- 
ing ol  the  ducts..   V/lien  the  gonads  are'^a^ure  or  spent,  they 
are  much  diminis.'-ed  in  si:^e.    The  animal  from  which  r.he  sketch 
"figure  12,  was  made  v/as  at  the  height  of  its  sexual  maturity 
for  the  season.   The  gonads  fill  the  entire  space  above  the 
intestine  and  co  =  cum,  and  send  t>-eir  branches  into  the  spacet; 

":  .  '^  "airian  (19 ) 
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nptween  t;he  sunken  petaloids. 

The  readers  attention  is  now  directe<i  to  the  axial 
sinus  which  is  designated  as  ax.  or.  and  st.  c.  in  Figures 
11  and  12.    Its  course  is  that  of  a  parabola  v/ith  the  legs 
terminating  in  the  apical  and  oral  regions;  the  centre  of  the 
curve  is  posterior.    A.s  o"'oserved  in  the  figures,  the  sinus 
lies  in  the  median  plane  of  the  animal  and  passes  from  the 
apical  system  ycsteriorly,  following  closely  the  curve  of  the 
posterior  interradius,  to^vall  of  which  it  is  attached  by  the 
mesentery  (mes).    In  the  vicinity  of  the  rectum  the  axial 
iinus  bends  to  the  anterior.    x^  passes  along  the  edge  of  the 
fold  of  mesentery  on  the  inner  sioe  of  the  second  part  of  the 
intestine  to  the  eosophagus  (Fig.  12.  int.  E.).    Then  the 
axial  sinus  descends  to  the  oral  ring,  attached  by  mesentery 
to  the  right  side  of  the  oesophagus. 

71- e  axial  sinus  contains  the  stone  canal,  the  axial 
organs  and  a  blood  lacuna.    The  stone  canal  ( sto . )  commences 
at  the  madre:iorite  and  occuyies  a  ventral  losition  in  the 
sinus,    i'hs  calcification  extends  for  less  than  a  centimetre, 
then  the  walls  become  thinner.    The  stone  canal. which  occupie; 
t  .e  ventral  part  of  the  sinus  merges  slowly  into  a  .ranular 
body  which  is  brovm  in  color  and  spotted  with  darker  dots. 
(ax.  or.).    However,  dorsal  to  the  stone  canal,  tKere  ha.. 
already  arisen  a  sv/ollen  colorless  structure  with  thin  walls 
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w'   ic}i  also  in  its  turn  iiisrgea  into  this  darker  granular  body. 

-ecause  of  their  different  content,  thess  tv.-o  parts  of  the 

axial  organ  appear  as  separated  "by  a  tangential  plane  which 

severs  that  part  of  the  axial  organ  v.'ith  the  thin  v/alls. 

'■'igure  18  is  from  a  section  rjade  in  calcar^^us  region  of  the 

.tone  canal  (Fig.  22,18).   The  stone  canal  (st.c.)  possesses 

walls  of  cylindrical  flagellated  cells  which  stain  deeply. 

At  the  side  of  the  stone  canal  is  a  sinus  (sc.  h.)  containing 

the  end  part  of  the  axial  ortan  (a.o.).    Dorsal  to  this  is  u. 

olood  vascular  lacuna  (b.l.).    The  next   section,  (-'ie.  19), 

is  through  the  cormnenceitient  of  the  colorless  part  of  the  axial 

orean.  (Fig,  22.19)    The  stone  canal  is  sraaller;  its 

epithelium  is  '-owever  ciliated.    The  axial  organ  (ax.o.) 

occupies  more  of  th=^  cavity  of  the  sinus  (sclli).    The  hlood 

lacuna  Cb.l.)  has  increased  in  size,    -"if:ure  20  is  from  a 

section  near  the  end  of  the  tangential  division  ju^ntioned  above 

(Fig.  26,    20.),    That  part  of  the  axial  organ  into  wiiich  the 

hlood  lacuna  (Tb,  1,)  me r^^e  "begins  to  decrease  in  size  vhile^ 

in  the  other  part  of  the  axial  organ  (ax,o,)  cavities  appear, 

I 
-  e  remainder  of  the  orti'^n   consists  of  t>  in-waled  cavities, 

A 

'igure  21  is  through  the  part  of  i.he  axial  organ:  (Fig,  2.^. ,20) 
v;r  ich  is  brown  in  color.    The  stune  carnal  (st.c.)  is  begi    - 
ing  ":o  lose  its  ciliated  epitheluit:;  only  half  r'^mains. 
Opposite  to  the  stor^  canal  are  the  remains  of  the  thin  iurtiun 
of  the  axial  organ,        -rsists  in  this  diminished  condition. 
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as  blcu.d  lacunae  (bl,).   The  greater  part  of  the  axial  organ 
(ax.o.)  consists  of  the  liimen  and  a  nuniher  of  cavities. 
>.'»se  cavities  have  a  thin  epithelial  layer.   They  are  sep- 
arated "by  a  homogeneous  connectixre  layer  v/hich  takes  stain, 
readily.   These  caviti^ris  contain  free  cells  and  g.ranules  whi 
vary  in  size  and  stain  deeply  in  either  iron-haeniatoxylin  or 
saffranin.    Some  of  the  gran\iles  are  also  in  the  lumen.    Some 
of  the  cavities  connect  with  the  lumen  and  with  each  other; 
these  tubes  are  longitudinal,  of  consideraible  lengthy  and  extend- 
«<*§•  through  the  axial  organ  in  comjTiunication  vath  other  cavi 
ities  and^directly  or  indirectly^ with  the  lumen.    Pigure  22 
is  from  y,  section  near  tlie  junction  v/ith  the  oesophagus .  (?ig. 
:c2,22).    X  >  lumen  continues , there  is  also  the  water  tube 
(st.e)  and  the  blood  lacunae,  (b.l. ) .    The  lurnen  disappears 
in  the  lacunae,  aHf4<Lfls  stated  above,  the  water  tube  and  blood 
tube  pass  along  the  right  side  of  the  oesojjhagus  to  which  the. 
are  attached  by  mesentery.   At  the  junction  of  the  radial 
water  canal  of  the  right  posterior  paired  radius  with  the  ring 
canal  the  stone  canal  enters  the  ring  canal. 

The  material  from  which  these  sectior.L,  .,ejr  riiide^not 
v/ell  perserved.    As  it  is  my   purpose  3>\    ^.i-.n    firut  oi-j  oi-cun4^: 
to  investigate  this  matter  more  carefully^ I  shall  not  enter  ^ 
a  discussion  of  the  physiological  importance  of  the  various 
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parts  of  the  axial  organ. 

ITRTILIZATION  AND  SEGMENTATION. 

an  r  /  jbe 
The  unfTnjturatad  er{;:  is  large  and  colorless,  it-  is 

eiphty-two  microns  in  diarieter.    The  germinal  vesicle  (p..  v.^ 
T'ig.  24)    occupies  nearly  tv;D-thirds  of  the  space,  Ki^vever,    it 
is  slightly  sv/ollen  ov/inf:  to  the  ijresence  of  sea-v;ater.    The 
germinal  vesicle  is  reticulated,  and  contains  a  si-ngle  nucleolus, 
In  eggs  which  are  preserved  in  corrosive-acetic  solution  the 
cytoplasm  appears  to  radiate  from  the  rjeri;  rerv  of  "he  nerr-inal 
vesicle  to  the  periphery  of  the  egg. 

'aturation  occurs  hefcre  extrusion.   The  pro-nucleus 
which  occupies  a  central  position  is  only  one-seventieth  of 
the  contents  of  the  entire  egg.   It  is  highly  refractive  hod:;. 
Preserved  material  shows  the  chromatin  arranged  in  a  recticulua-]. 
There  is  no.  sign  of  a  nucleus .  ,   Polar  hodies  v/ere  found 
adhering  to  only  a  few  eggs.   Y.'hen  the  eggs  are  released  from 
the  ovary  they  are  usually  irregular  in  outline;  this  irregular- 
ity is  due  to  the  close  seggregation  of  the  eggs  v/ithin  the 
ovary.    ''hey  heccne  spherical  either  irm'-ed-; -i  ^elv  afr.ec  nh^ra- 
tion  or  after  the  entrance  of  the  sperm. 

The  fertilization  membi-ane  or  vitelline  membrane  is 
thrown  off  within  twenty  seconds  after  the  first  at""tftc.k  of 
the  sperm.    The  head  and  middle  piece  alone  enter  the  entrance 
cone.    The  course  of  the  sperm  v.ithin  the  livinr  ec ,  can  he 


?^  observed,  first  on  account  of  its  reTra:^Jii>rnrti/ ,  an- 

^c.ter  by  the  sperm  as-cer  which  forras  in  che  cytoplasm.    The 
female  pronucleus  makes  a  slight  advance  towards  the  advancinfi; 
male  pronucleus.   I  have  observed  the  tv;o  nuclti,  in  juxta- 
position as  early  as  five  minutes  after  tJie  entrance  of  the 
sr;  =  rr. .        •  -  — —  I  -  Iri  all  eggs  v/iiere  fertili- 

zation  v.-ill  .  e  ei'f scteo^ :,;  -  tv-o  rronuclii  are  into  contact^ 

Preserved  material  of  this  period  gives  more  detail  of 
these  phenomena.   Figure  2'-i  (Iminute  aft'=:r  addition  of  sper- 
shows  the  vitelline  membrane  (f.  m.)  the  entrance  cone  (e.  c), 
the  speria  lie-id  (s.  h.)  and  the  entrance  funnel  (e.f.)    The 
axis  of  the  sperm  head  is  perpendicular  to  the  tangential 
plane  dravzn  through  the  point  of  entrance.    Firure  25  (^^  mi-  . 
after  fertilization)  shows  the  sperm  head  (s.  n.)  as  iiaving 

0 

accomplished  9.0  of  its  rotation.   The  division  of  the  sperr 
into  sperm  head  (s.n.)  and  middle  piece  (m.p.)  is  distinguishabl 
The  entrance  funnel  (e.f.)  is  that  part  of  the  cytoplasm 
between  the  sperm  nucleus  and  the  entr':'.nce  cone;  the  cycoplasn 
in  this  space  stains  with  less  intensity  than  that  of  the 
surrounding  area.   There  is  no  sperm  aster  at  this  stage. 
the  tine  rotation  is  ccmi'lete,  the  sperm  aster  ajipears.   I 
have  observed  in  some  specimens  of  this  period  that  t>e  cyto  - 
plasm  of  the  area  where  the  aster  is  to  appear  is  less  granuJ  r 
and  stains  de-^ply.    As  the  male  pronucleus  with  its  attenda; 


r-ister  advances  towards  the  female  pronucl-^us  it  looses  its 
compactness,  and  'becomes  vesicular  v/ith  ibe   chromatic  material 
arranged  as  a  reticuluiu.   ^'igure  ?,7 ,  gives  the  normal  condi- 
tion nine  minutes  c.fter  fertilisation.    The  male  pronucleus 
is  the  smaller.    Its  vesicular  character  is  apparent  and  as 
stated  ahove  the  nucleus  takes  on  this  charact.er  in  its  advance 
towards  the  female  pronucleus.   T'-e  centrosomes  have  divided 
and  the  daughter  centrosomer  have  separated.   The  sperm  aster 
(s.a.)  has,  conforriahly  to  these  changes,  also  separated. 

In  'h^  living  egg  the  male  and  female  pronuclei  have 
heen  distinguished  as  highly  rei^ractive  hodies.   About  eleven 

minutes  after  fertilization  this  refract>hility  begins  to  de- 

/ 
crease  until  at  thirteen  minutes  the  neulear  area  can  only  be 

observwias  hyaline.    The  astral  rays  have  been  penetrating 

nearly  lo  the  circi;aif erence  of  the  egg.   For  about  four 

minute  the  only  change  to  be  observed  is  the  reduction  of  the 

astral  system.    Then  changes  appear  v/ith  great  rapidity.    In 

the  hyaline  region^,  there  appears  a  sharply  defined  and  highl  - 

refractive  elliptical  nucleus.    At  eig-teen  minutes  after 

fertilization  at  each  end  of  the  long  axis  of  this  ellipse  a 

clear  circular  area  appears.   From  these  as  centres  s;  ort 

astral  rays  diverge.   These  centi ospreres  increase  in  size 

A.nd   draw  a.way  into  the  cytoplasm.   The  sharp  limiting  boundai^ 

of  the  nucleus  disappears  and  fibres  from  the  centrospheres 
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penetrate  the  nuclear  region,  a.nd  thus,  a  spindle  sys^tem  is 
established.   Each  cent'rosphere  also  establishes  ani  amiihias 
These  are  the  conditions  about  twenty-seven  minutes Jwhich  I 
3hall  shdv;  is  the  metaphase  stage  of  the  first  cleavage. 

"figure  28  is  drawn  from  a  sp-ction  of  an  egg  of  the 
twelve  minute  period.    The  tv/o  nuclei  are  ajjparently  one. 
The  y/all  betv/een  the  pronuclei  has  disappeared  and  the  chroniatic 
contents  of  the  male  pronucKi  can  be  distinguished  in  the 
upper  part  of  the  nuclei,  as  the  reticulun  is  there  riore 
compact.    The  centropphere  has  a  small  astral  system^  jrawoY'-r , 
In  addition  i:o  this,  on  the  side  of  the  e^.g  nucleus  are  rays 
which  extend  into  the  cytoplasm.    Three  minutes  later  which 
is  the  next  period  v/hich  was  studied,  no  difference  can  be 
observed  in  the  chromatic  contents  of  the  egg  nucleus.   The 
nucleus  has  enlarged,  and  the  reticultim  has  become  more  open; 
the  membrane  is  present  but  appears  thin  as  though  attemp'ting 
to  accomodate  itself  to  the  enlargem.ent  of  the  nucleus.   It 
is  at  this  period  in  the  living  egg  that  the  nuclear  area  car. 
be  distinguished  only  as  an  hyaline  area.    In  Figure  29  (l8 
r.iin.),  the  membrane  is  sharply  defined.   The  two  centrospher-^- 
have  withdrawn  into  the  cytoplasm  area  which  surrounds  the  e.t 
-lucleus.   The  spfrm* v/hich  is  formed  from  the  reticulum  breaP 
up  into  chromosomes.    In  Figure  50  (27  min.),  the  chromosome 
are  arranged  in  the  equatorial  plate.    The  fibres  of  the 
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si-'ndle  stain  more  -eeply  than  the  astral  rays.   The  centro- 

•.o^ere  is  a  vesicular  structure  reseinbline  ir.  ; r- — — ^  The  v^hite 

of  an  egg  when  "beaten.    The  astral  system  is  -^irniUed,  as 
c  .npared  v»'ith  that  which  was  ohsefved  during  the  pause  hetwef:r. 
the  union  of  the  tv/o  pronucl-^i  and  the  apparent  commencement 
of  the  cleavage  process.    The  entire  spindle  and  astral 

an 

systems  -irwr  in  cytoplasm  less  granular  than  that  comprising 
the  major"  contents  of  the  egg. 

In  a  living  egg  which  was  precocious  ^ne  iriaeniic. ':icn 
of  the  sides  which  marked  the  commencement  of  che  cleavage  of 
•chft  cell  was  observed  thirt;/  three  minutes  after  f  ertilij-.atic. . 
The  spindle,  the  amphiasters  and  the  centropheres  were  clearl,. 
marked.    This  same  egg   completed  its  cleavage  plane  three 
minutes  later.    The  daughter  had  formed  and  ap -eared  as  highly 
refractive  bodies,  one  in  each  cell.    The  remains  of  the 
arapiiasters  and  spindle  were  yet  clearly  visible,  and  the 
spindle  fibres  v/ere  observable  in  every  case  until  the  comple- 
tion of  the  cleavage. 

The  stud^;  of  preserved  material  proved  that  norrally 
the  first  cleavage  is  not  usually  accomplished  until  forty  tv/c 
to  forty  five,  minutes  after  fertilij.ation.   Figure  ^1  (36  min.) 
ohov.'s  the  beginning  of  anaphase,  the  chrosomes  are  beginning 
to  drav/  away  from  each  other.   Fit'-  •  - 
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anaphase.    This  sketch  is  froirt  a  section  H^  in  thickness,  and 

so  is  simply  an  o. tical  section.    The  fihres  of  the  amphiaster 

appear  to  he  continuous  with  the  granules  of  the  cjAtoplasm. 

Figure  34  is  a  sketch  from  3  Usection  of  a  precocious  e^e , 

thirty-nine  minutes  after  f  ertili^;ation .    This  condition  is 

normally  found  ax;  forty  fiv'='  minutes.    The  daughter  nuclei 

,  ave  been  formedi  'ihe   chromatin|L  is  again  arranged  as  a 

reticulum.    The  centrosp^eres  contain  two  centrospmes.  '  The 

new  spindles  rfer>... i c! ly  foriu^so  that  by  fifty-one  minutes  after 

fertilization  there  are  many  cases  v/here  the  mitotic  figure 

of  the  second  cleavage  is  in  metaphase.    Figure  o4  shows 

this  condition,  Ovv'ing  to  the  destruction  of  one  cell,  one 

figure  alone  appears.   This  is  in  metaphase.   The  centro- 

sphere  has  the  same  rftti  r ul'..i,e''i  r.tructurp  at.  a:  nearea  in  the 

first  mi-.osis. 

The  cleavage  of  Koira  i*  r:.pio'l -r*-;  the  first 

cleavage  is  complete  in  forty  tv/o  minuter,  the  secono, 

cleavage  in  sixty  minut^^s  .     The  following  comparison  can 

Y:'>.   fir.v.vn  Vietween  Lioira  atro;  h  -:.nfi.M  y  ■.-,,, ,-,,.^0,  "-.p..  vari  p.-atu;; 
Ufitr  "  , 

.   .  V/ilson  records: 
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Attention  should  also  be  drav,Ti  to  the  fact  that  the 
ojierm  nucleus  assunps  a  vf>i^cn\?ir   structure  on  its  advance  to 
•he  female  pronucleus.    IToreovsr,  the  pause  is  of  much  shorter 
iluration  than  ia  Toxopnuestes.   Between  the  coraraenceraent  of 
the  union  of  the  nuclei  anfi  the  early  stages  of  mitosis ,  ther'- 
is  only  six  minutes  as  against  twenty  in  i'oxopnuestes .    The 
figures  I  quote  for  Moira  were  invariable  in  every  observati 
made  i«  the  living  egg,  and  i«-  confinned  by  the  stuou  of 
res'^rved  material. 

?.VJ.   FIRST  TWElrrY'TOUP.   HOURS. 

The  larvae  of  echinoids  were  styled  plutei  by  Jo^iann-. 

"uller,  ovving  to  a  so  called  similarity  to  an  artist's  easel. 

/ 
:'ac  Rride  suggests  the  use  of  echinopluteus.    I  propose  to 

use  the  term  larva  to  indicate  the  embr:  onic  stages  of  '  oira, 

So 

»«  long  as  locoTTiotion  is  accomplished  by  means  of  cilia. 

As  stated  above,  the  first  cleavage  is  completed  fori.  - 
five  minutes  after  f  erti  lir;ation,'  the  second  cleavage,  sixty 
minutec.    T^igure  35  is  a  figure  of  a  fi.ur-cell  stage.    The 
cells  are  not  spherical  but  are  adapting  themselves  to  their 
Juxtaposed  condition  .   The  eight-cell  stage  follows  this 
within  twenty  minut=:s.    In  fact  one  of  the  striking  facts  in 
the  development  of  ;'oira  is  the  rapidity  of  its  developnent. 
'^igure  56  is  a  sketch  of  a  tv;elve-cell  stafe. 

1 .  >ao  T- ri  (1p  '  P&-  ) 
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(reic.)  have  "been  budded  off  from  th^  lower  quartet  of  i.he 
•=:ieht  cell  stage;  ihus  ..le  is  defined. 

""iKure  37  is  a  sketch  of  ttn^oblique  section  tjirough  an  egg  of 
:.he  sixtesn-cell  stace.    3^our  of  the  upper  tier  of  eight  ce:ls, 
tv.'o  of  the  middle  tier  of  four  cells  and  three  microraeres  (mic) 
Lire  to  be  seen.    The  cleavage  cavity  (c.c.)  is  th-^  cavit: 
Contained  vathin  these  cells.   AlthoUfVh  the  rudiment  of  this 
is  aiparent  in  an  eight-cell  stage,  it  is  not  sharply  define.:, 
until  this  latter,  the  sixteen-cell  stage,  is  reached.    In 
^igure  38  the  cleavage  cavity  (c.c.)  is  more  sharply  defined. 
Jliis  is  a  orawing  of  an  oblique  section  of  a  thirty-tv^o  cell 
stage. 

ree  hours  after  f ertilizatiori,  a  larva  of  many  eel. 
-e  ol;j.stula  stage,  is  formed.   Figure  39  is  from  a  longituc 
r.al  section  of  a  blastula,  nhree  hours  old.    The  cleavage 
cavity  (c.c.)  is  now  quite  large  and  is  surrounded  by  a 
continuous  v/all  of  cells.    The  cells  at  the  vegetable  ;;ole, 
which  have  been  derived  from  the  micromeres  (m.  C.)  are 
'=:longate(i,  and  evidently  have  not  suffered  as  much  division  as 
:■  e  others.    In  this  section  one  cell  is  in  process  of  division, 
In  other  sections  of  this  same  larva,  mor"  division  i;^    takini 
place.   A  majority  of  ceils  are  resting,,        ere  is  no 
longer  that  unanimity  of  division  v'hich  characterizes  -.he 


{■62) 

earlier  stages  of  segmentation.    The  "blatitula  becomes  "bullet 
shaped.    The  cells  acquire  cilia, and  rotation  v/i thin"  the 
membrane  cocLViences.   After  liberation  from  the  vitelline 
"membrane,  the  larvae  swim  on  the  bottom  of  the  bowl.    A.bout 
seven   ours  after  fertilij;a;tion  the  larvae  begin  to  make  the 
way  to  the  surface  of  the  ci4^,  and  by  nine  hours,  those  whic 
are  afterv/ards  successfully  reared  are  always  noted  in  ceaseless 
motion  at  the  surface  of  chs  water,  on  that  side  of  tne  '.ov/l, 
v.hich  is  nearest  the  v/indov;.    The  r-oveinents  of  the  larvae  a 

s    • 

a  forward  tranlatory  movemen":,  and  a  rotation  in  the  ctirecti, 

of  the  hands  of  a  clock.    ""i^  ure  40  is    — -^.  of  a  larva, 

six  hours  old.    The  bullet-bliape  is  ej<icent.    The  cells  of 
the  vegetative  pole,  which  have  been  derived  from  the  micromeres 
are  commencing  to  bud  off  cells  which  p.rotrude  into  the  cleavage 
c-.vit--.    Some  of  these  ceils,  called  mesenchlrne  (mes.)  v/ander 
into  the  cleavage  cavity,  others  reinain  attached,  and  as  these 
cells  are  budded  in  numbers,  they  usually  ap'-ear  as  a  m^und 
with  its  base  in  the  vegetative  pole. 

Figure  41  is  from  a  longitudinal  section  of  a  larva, 
ine  hours  olr  .  esenchyrae  cells  (mes.)  are  in  many 

ir.stances  either  directly,  or  indirectly  by  means  of  protopluii"!  i« 
strands,  attac):ed  to  tihe  "all  cf  ti-e  larvae  and  thus  function 
as  muscles,  (mus.).   More  noticeable  is  an  invagination  ^a  .-n:! 
•it  the  vegetative  pole.   The  ectoderm  invaginateSinto  t}. 


cleavage  cavity  (c.c.)|thus  there  is  forraed  a  small  finger-like 
pock^i. ,  the  rudijn'^nt  of  the  archenteron.   '.'he  openinr  of  the 
arch=^nteron(a.ftnt. )  is  the  "blas-conore  (hip.)  which  nersists 
the  larval  anus.   This  period  of  larval  development  is,, the 
gastrula-stage.    The  cells  at  the  Minimal  I'Ole  are  becoming 
/aore  cylindrical,  to  hecome  the  apical  plate  of  the  later 
larvae.    The  shape  of  the  larva  now  changes.    One  side  becomes 
flattened  and  from  the  corners  of  the  vegetative  ra^'ion  pro- 

jections  form,  so  that  tha  larvae  is  nov;  similar  to  ^he  echi  .u- 
derm  type.    Figure  42  is  nn  optical  section  of  d  v/nole  moun  . 
of  a  larva,  twelve  hours  old.    One  corner  S'ov/s  one  of  the 
projections  -vhich  is  described  above.    Tne  archentron  (a.enU) 
is  now  larger, as  the  invagination  extends  nearly  to  the  animal 
pole.   The  cells  at  the  animal  pole  have  increased  in  size 
longitudinally,  so  that  there  can  be  distinguished  a  der-init- 
r^gion  of  cylindrical  ceils  v/hich  are  longer  than  those  of 
the  remaining  ectoderm.    This  is  the  apical  (ap.),  plate. 
The  cells  surrounding  the  archentron  which  have  originated 
from  the  invaginat4d  cells  of  the  vegetative  pole  shall  now  V- 
termed  endoblast.    In  the  cleavage  cavity  (c.c.)  are  many 
mesenchyme  cells,  (mes.)    The  apical  plate  is  anterior;  the 
side  containing  the  blastopore  or  larval  anus  is  ventral. 
Thus,  the  larva^  shall  henceforth  be  oriented. 
The  skeletal'  system  dev°''  ■^■-    *''•■•'    <■•■■"- 
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-it.'er  sidft,  two  initial  spicules  are  quit^e  clo^-  .       *re 
48  givfts  the  skeleton  "between  fifteen  and  twenty  noura  old. 
On  each  side,  a  triradiate  spicule  hus  given  rise  to  three  r 
vhich  I  shall . call  the  postero-dorsal  skeleton  (pd.  s.),  one 
extends  oosteriorly,  the  second  extends  ventrally  towards  the 
anus,  the  thir-i  extends  into  Lhe  rudiments  of  the  first  pair 
..f  arm.    This  latter  is  similar  to  a  ladder,  except  that  on 

its  rouwds 

:y%€  vpfntral  side,  r.h-^  ring-s  are  a^tttched  to  a  third  median  r^.  . 
Near  thiu  jti^-uc^tur":  a  second,  also  triradiate  is  found:  this 
is  the  antero-lateral  skeleton,  (an.  1.  s.).    The  spine  whi 
projects  anteriorly  will  loecome  the  skeleton  rod  of  the  second 
pair  of  paired  arms  which  arises  fi-om  the  praeoral  lobe.    In 
the   posterior  r9f;ion  is  another  skeletal  struc':ure  ;vhich  is 
unpaired  (v.p.s.).   This  has  two  lateral  spines  which  extend 
'owards- -the  posterior  spine  of  the  postro-dorsal  skeleton,  ones|o 
which  extends  anteriorlv.  and  three  noste-iorlv   Gj'  v^.ioh  'at 
this  time^only  two  are  developed.    These  latter  form  a  ladder-vA' 
similar  to  that  above  described  and  is  the  support  of  the 
tjGsterior  unparted  arn  which  pushes  out  from  thid  point. 

pouch  -ievelopes  at  the  tip  of  the  archentron. This  ^is 
■:hen   pinched  off  to  form  a  closed  sac,   the  enterocoelomic 
cavity.    Figure  4^  is  from  an  oblique  section  of  an  - 
sixteen  hours  old.   Above  the  enterocoelomic  cavity  (en.  co. 
is  the  apical  plate,  (a.p.).    From  a  study  of  a  great  number 
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of  sections,  I  am  inclined  uo  believe  that  this  cavity,  the 
ftnterocoelomic  cavitj/^  is  first  pinched  off  froja  the  archentron, 
and  then  divides  into  two  elliptical  sacs  which  are  placed 
one  on  each  side  of  the  enteron  (ent.)^as  the  remuinlng  part 
of  the  archentron  is  now  called,   Figure  44  shows  this  lattf 
condition..   The  enteron  ^.hrough  changes  in  shape  of  cr^  lar   /, 
iri  uuv/  L  s]iap'=;d,  •;is  nhe  anus  is  on  the  flat  vmtral  face  of 
the  larva*  (Pig.  45).   This  section  (Pig.  44)  iri  through  the 
apical  plate  (ap.)  and  the  long  arm  of  the  L  ( ent . ) .    The 
'=^nteroco=;loraic  pouches  are  on  each  side  of  the  eni:t»ron  ('='nt,}. 

Figure  ^ •  6  is  from  -i  longitudinal  section 
larva  twenty-two  hours  old.    'he  posterior  surface  of  the 
gastrula  has  developed  a  long  unpaired  arm  wliich  is  characteris- 
tic of  spatangoid  larvae.    The  enteron  is  divided  hy  constric- 
tions into  an  oesophagus  (oe.),  stomach  (st.),  and  an  intestine, 
(int.).    ihe  intestine  (int.)  opens  to  the  e:xterior  throurh 
the  anus  (an.),  as  the  hlastopore  is  nov/  called.         ic:^ 
plate  (ap.)  extends  towards  the  ventral  side  of  tre  Inrvn  to 
form  the  p^aeoral  lote.    On  the  same  side  as  the  anus  and 

osterior  to  the  apical  plate,  is  an  ectodermal  invagination 
•i^ich  "becGmes  the  larv  il  stomadeum  (l.sto.).    This  is  seen  -: 
contact  with  the  enteric  part  of  the  oesophagus  but  has  not 
broken  through  .   The  orientation  is  also  indicated  in  this 
figu>--  f--'-K 


i^iEure  47  is  a  larva  twenty-four  :-.wurs  old.    The  i)Oster( 

iorsal  arms  (p.d.)  are  those  whose  rudiments  are  first  developed, 

:hey  extend  laterally  and  anteriorly  from  tre  middle  of  the 

larvae.   The  unpaired  arir,  extends  posteriorly.   The  apical 

region  is  developing  into  a  hood,  the  praeoral  lohe  {y.u.), 

'-.'Iiich  is  a  ventral  exten;iion  anterior  to  fr-.e   mouth  ♦j.^nin^t  (J/n.) 

'he  cilia  (l."b.)  exf.nd^    in  ;i  band  y.cross  the  praeoral  lo"be,a'^'i 

then  posteriorly  alon;;  i-tjji  sides  -tejti  to  x,hp.   postero-dorsal 

■-i.rrn.  ^re~  ^;^^^  ^"ov  ■;^>ioh  t^  -y". *ndo  then  down  on  ventral  side  . 
»         -  )  i\ 

Ji-  CyoSS«s  (Xwd 

-r^     ..t-roas  r,v,e  postoral  loh^  Ip.l.)  ■^'    returns  ■:o  the  edge  of 
^■^.e  praeoral  lohe  in  a  reversed  direction.    The  digestive  tract 
can  he  seen  within.    On  the  anterior  Dorder  of  the  mouth  an' 
■extending  into  tne  oesophagus  to  meet  its  fellow  of  the  oppositr 
■;  H?  is  a  ciliated  hand.  (o.b.).    ir^^  enterocoelomic  ^(en.  co.) 

lb 

—— ,  —  on  each  side  of  the  oesophagus.    figure  49  is  composed 
of  tv;o  sections  so  as  to  approximate  a  median  liorizontal  sec 
I'he  age  of  this  is  twenty-six  hours, 

t'urti-t=;r  developjient  oy  tiie  enterocoelojtic  cavities. 

The   coelomic   cavities  have   lengthened   no   that    they  n> 
extend  past   the    oesophagaal-gaatric   connection  and  on   to   the 
oide   of  the   stomach.        Thus,    far  then  has  no   f:onaection  been 
established  hetv/een  the   larval  stomadeum  and    the    oet>ophagus. 
r.ach   enterocoelomic    cavity  begins    to   separate  ^oppdaite    che 
lov/e.r    end    of    ;.he    oebophagut;.  in'.o    -»«•  ^rntnrioF  rrmi-  poft^n  rior 
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coelon,   ':he  lower  :.or-:ion  of  the  left  anterior  coelom,  whic; 

iii  yet  connec^.ed  with  '-.he   left  posterior  coelora,  enlarges;  zY  a 

enlargejiient  is  the  ampulla.   7roin  the  doraal  v/all  of  the 

ampulla  a  tuhe  is  evaginated,  wjaach  grows  dorsally  close  to 

tie  oesophagus  towards  the  middle  line,  viYere    it  is  pressed 

against  nhe  body  wall  of  the  larva.     his  ou-n:^.   o  ^.he    exterior 

—  — i-^  —i-i^ .     'is  dorsal  opening  is  the  dorsal  pore;  the 

tube  is  ti,e  ours  canal.    figure  50  ^lives  the  result  of  the 

phenomena  descrihed  ahove.   This  drawing  is  from  a  transverse 

section  of  a  larva  f orty-ei{_;ht  hours  old.    The  an.iulla  (am.) 

lies  0,'posite  th^  anterior  region  of  the  stomach.         -re 

canal  (p.ca.)  is  the  thin-walled  tuhe  which  passes  frum  the 

dorsal  part  of  the  ampulla  (am. )  to  the  dorsal  wall  of  the 

">-— •^. 

i  th  these  c"'anges  the  lar'^a*  is  undergoing 

external  changes.    "P'igure  51  represents  a  larval  seventy-six 

"^.  -jrs  old.   The  first  pair  of  arms,  the  postero-dursal  (p.d.) 

have  lengtjiened.    'he  second  pair  of  arms  are  the  antero-laterai 

(p.i^,  which  are  found  on  nhe  ^.wo  dorsal  edgeis  of  che  nraeoral 

.ohe.  (po.l.)    Vhetre^corunenced  as  small  knobs  when  ':he  larva 

■■as  thirty-six  hours  old,  and  developed  rapidly,  carrying  with 

'>rem,  as  do  all  the  paired  arms  the  longitudinal  ciliated  banc. 

(l.b.).   The  postoral  (p.o.)  arms,  which  are  next  formed,  arise 
dorsal 

dorsal  to  the  po3terG-i>au'"j-;ii  -i.rm:-;  in    p  -,-mo  ^  ^-    -.y^ra.f.se    .-lar.^. 
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~«»twi^en  the  'basea  of  these  posterior  paired  arir;..  ,       ;  liated 
rand  is  thiclc^ned.    The  last  pair  of  arms,  the   praceoral  arrri._ 
Cn.o.)  are  observed  as  small  kno"bs  on  .he  ventral  oorder  of 
tfie  pra.eoral  lobe.  (po.l.).    Che  unpaired  posterior  arm  (u.,  ) 
is  well  developed.   Throughout  the  larva*  near  the  exterior 
"'-.ere  are  numerous  pigmented  granules  (ecr.).    T^e  pigi-nenr,  , 
invariably  of  a  inaroon  color.   I'-ac,  Bride  observed  in  Echinu. 
esculentus  and  Echinus  miliaris  that  these  pigmented  bodies 
v/ere  either  imbedded  in  the  ectoder/n  or  were  contained  in 
■-.raosoQcytes  which  were  migrating  outward.    I  was  able  to 
confirm  the  former  observa-^ion.   K-=-  cuncludes  that  these  bodies 
are  excretory  material  in  the  process  of  removal. 

Pigure  52  is  a  reconstruction  of  a  series  of  transve 
sections  of  a  larva  seventy-two  hours  61d.    Only  the  left 

side  is  shown",  as  the  ri.;::ht  consists  of  two  coelomies  cavities 

lTe«.-i\ 

.vhich  have  not  differentiated.    The  left  anterior  coelom  ha. 

iven  rise  to  four  structmres.   Anteriorly  and  extending  al;, 
■.he  oesophagus  is  a  cavity  which  is  o-  a|)ed  like  a  f  in^.er  tap-  - 
ing  towards  the  apical  region.  (A.  3..  c,).   Posteriorly  this 
enlarges  to  bee  ne  the  ampulla  (am.).    '.'he  pore  can -l  (tr  .ca.  ) 
leaves  the  ampulla  on  its  dorsal  surface  and  op 
exterior  through  the  dorsal  pore.  (d.p.).    :r^.    rudiment  of 
the  hj/drocoele  (l.hyd.)  comprises  the  poste  -■  - 

1.  Ztec  Bride  (26) 
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left  antftrlor  coelom.   It  is  seen  in  contact  with  ohe  left 

osterior  coelom  (l.p.c.)  which,  is  expending  posteriorly 

parallel  to  the  long  axis  of  the  embryo.   Between  the  hydrc  -■' - 

and  the  ampulla  there  is  a  short  connecting  tube.    i.'his  is 

rudiment  of  the  stone  canal,  (st.c).    In  this  larva  r.hers  was 

-  left  border  between  the  bases  of  the  antero-lateral  a; 

; OS t oral  arms  an  ectodermal  invagination,  the  echinoid  pouch, 

'■re   bottom  of  which  was  nearly  in  contact  wit'  •  ■  ^n.diment 

uf  i,}ie  hydrocG=;le. 

:^igur'^-         v/hole  larva,  six  days  old,  drawn  to 
4Vxt 
v.'ror;   ohinfl^'-  the  skeleton  and  storaac'n  contents.    The  larva 

has  now  attained  its  complete  larval  form.    The  last  pair  of 

anas, the  praeoral  arms  are  formed.    The  arms  are  of  such  a 

length  that  their  tips  are  in  a  plane  perpendicular  to  the 

long  axis  of  the  larva.    'he  only  difference  I  have  been  abl 

to  observe  between  the  larvae  I  have  reared  in  aquaria  and  those 

v.'hich  have  been  towed  is  a  sli- ht  increase  in  the  lengths  of 

the  arms  of  tne  latter.    The  skeletal  rods  of  the  unpaired 

arm,o|-the  postero-dorsal^  ^the  antero-lateral^have  increased  in 

length  with  the  growth  of  these  arms.   That  i^art  of  the  skeleton 

which  projects  into  the  antero-lateral  arm  is  a  single  rod  in 

contrast  to  the  ladder  like-  structures  of  the  posterior  anas. 

Dorsal  -.o  the  centre  of  the  ossification  of  che  skeleton  rod 

of  the  antero-lateral  arms,  the  skeleton  of  the  postoral  arm 
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as  arisen  as  a  triradiate  structure.    T.-at  r.ai  . 
into  the  arm  is  ladder  like  in  construction,  the  posterior  r_ 
and  nhe  dorsal  rod,  which  'bifurcates,  are  siinpl'-      .     }-ul, 
there  is  developed  along  i.he  same  line,  ventro-dorb^tj  ly^  the 
skeletal  rods  of  three  pairs  of  arms.    ''-''or   some  days  i.hese  are 
independeatj  hut  in  a  larva  in  the  fifteenfn  day  it  is  noted  that 
the  bases  of  these  thr??e  systems ,  together  with  a  j.rojection 
from  the  skeletal  process  of  the  unpaired  arm  v;ere  closely  ." 
interlaced  "by  branching  and  anastamosing  processes.  (Fig.  54) 
The  skeleton  of  the  praeoral  arm  arises  in  the  dorsal  region 
of  the  embryo  near  the  cardiae  end  of  th-T  qesophagus.  It  is  U 
shaped  with  a  small  rod  projecting  posteriorly  from  the  bend 
of  the.  U.   Each  leg  of  'che   U  is  a  simple  rod  v/hich  projects 
into  one  of  the  praeoral  arms.    The  pigmented  spots  are  more 
nuiaerous,  'the  tips  of  the  arms  are  solidly  colored.   The 
stomach  is  usually  pigmented  brown  with  a  border  of  ^r-^Bn, 
Lhis  is  due  to  the  c  aracr.er  of  the  food,  diatoms  and  algae. 
In  figure  515  a  number  of  diatoms  are  contained  in  t-e  stomach. 

A.S  stated  above,  each  process  sends  a  rod  to  the 
} osterior  region  of  the  larva.    In  1902,  Grave  described  for 
"ilita  testudinata  four  spliincter  muscles  connected  by  tendor 
v;ith  the  ends  of  these  rods.   Thus  he  accounted  for  the  lateral 
rr.ovenents  of  the  arms,  and  further  he  observed  from  the  relation 

1.  C.  Crave  (In) 
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of  these  rauscles  to  the  sitomach  and  intestine,  their  function 
in  forclne  the  contents  of  the  intestine  out  through  the  anus 
by  A.cting  as  spiincters.   ^''igure  55  shows  a  similar  condition 
for  Moira  and  my  ovm  ohservations  confirm  those  of  Grave.   The 
ends  of  the  four  skeletal  rods  (rds.)  are  attached  to  each 
other  "by  four  muscles  ('^_  li-l.  ).    Ihe  rauscles  are  unit-^d  wit*-, 
the  rods  by  tendons  (tendV).    The  contraction  of  the  sphincters 
closes  the  gastric-intestinal  aperature,  v/hile  the  consequent 
movement  of  tV-e  posterior  dorsal  rods  tov;ards  each  other 
corapresses  the  intestine,  rr*^.  lhus,the  excreta  i*-  forced  through 
t^-e  anus.    Beside  the  movement  of  the  arms  and  (digestive  tract, 
which  has  been  noted  there  c  .n  be  observed  the  withdrav/al  of 
zYe.   edge  of  the  postoral  tube  and,  also  peristalic  movements 
of  the  oesophagus.    These  are  due  to  muscular  bands.    In  tr.e 
praeoral  lobe  there  is  a  median  series  which  joins  the  dorsal 
border  to  the  ventral  border.    Laterally,  the  musculature 
«xtendi3  from  the  border  either  to  the  rod  or  the  vicinity  of 
the  rod  supporting  the  praeoral  arm.    The  musculature  of  the 
postoral  lobe  extends  from  its  sides  to  the  skeleton  rod  of  the 
postero-dorsal  arm.    The  contraction  of  these  muscles  retracts 
that  portion  of  the  ciliated  band  in  which  it  is  inserted. 
The  oesophagus  is  surrounded  by  a  transverse  musculature  whic' 
produces  a  peristaltic  movement  by  v/hich  is  swallowed  the  ma-.ft.-ia, 
swept  into  the  mouth  by  the  ciliated  oral  band. 
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The  rirjht  coslomic  cavitv  dividfts  cinanterior  and  a 

A 
posterior  cavity.   Then  differentiation  similar  to  that  of 

the  left  side  occurs.   ^.'igure  56  is^  reconstruction  of  a  five 

day  larva  to  show  the  rii;;ht  side.    If  examined  in  connection 

with  xii;iure  5?,  homology  between  the  right  and  left  side  is 

Striking.-   The  rit^ht  pore  canal  (r.p.ca.)  extends  dorsally. 

In  later  stages  it  m^iets  and  opens  with  the  'left  pore  canal, 

ventral  to  the  dorsal  pore.   In  contact  with  the  right  posterior 

coelom  (r.p.c.)  is  posterior  region  of  the  right  anterior  coelom 

(r.a.c.)  which  is  similar  in  form  to  the  left  hydrocoele  of 

t!"e  seventy-tv/o  hour  period.      '  ac  P;ride  describes  for  K. 

esculentus  a  structure  which  separates  from  the  rit:ht  anterior 

coelom  and  remains  as  a  closed  vesicle  near  the  left  pore  can-:' 

I 
throughout  the  entire  life  of  the  individual.   As  far  as  my 

stages  go,  which  is  up  to  the  settling  down  of  the  larva,  the 

right  anterior  coelora  is  always  in  cosnraunication  with  the  lei 

ore  canal  hy  this  outgrowth,  which  I  have  named  the  right  pore  ^ 

cinal. 

The  left  hydrocoele,  as  stated  above,  is  derived  from 

'  e  posterior  region  of  t.^e  left  anterior  coelon.    Its  walls 

are  compact,  and  in  this  it  differs  fro.-i  tie  ampulla 

part  of  the  left  anterior  coelom  which  extends  anteriorly. 

•'-e  oesop-agus,  f  -  ■^  "'atter  are  cavities  with  thin  walls 

a.  few  cpin'ile-..         .Is.    The  I'rft  hydrocoele  extend;-, 
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est^riorly  to  cover  a  portion  of  the  left  anterior  re^-^ion  c' 
t'-i'-  stojp-ach.    It  4IS0  assumes  the  form  of  a  rir:  .       process 
hy   which  this  is  effected  is  illustrated  hy  reconstructions, 
figures  of  v/hich  will  he  descrihed  belov/.    P.ury  ^r.r:  r.?-:'    in  l-._. 
t^oat  the  transition  from  -he  closed  vesicle  of  .        -^nt  of 
.'drocoeie  to  the  v/ater-vascular  ring  was  through  a  hors  - 
■'-d   struc  legs  pointing  posteriorly. 

::e  fr^e  legs  of  ti' /^  £ tnic tur'^  were  finally  joined,  And  -.he 
ring  completed.    'rave  in  1902  descrihed  in  Millita  testudi 
t-  e  hydrocoele  as  forming  an  open  loop  v.'ith  the  opening  tov/a 

t-  as  ^ 

t'-e  ventral  si'  e.    :his  finally  closed  i^-  the  end  cro.vi-?v 

/ 
nnteriorly  to  meet  the  rudirasnt  of  the  hydrocoej  ,        ;  - 

a  paper  which  is  inaccessihle  to  me,  but  which  ii;  LU^-jiii-iriaed 

>y  I'jSiC   "".ride  asserts  that  in  r-chinus  miliaris  the  hydrocoele 

is  at  first  a  pentagonal  disk.    On  the  horder  of  this  disk  a 

^  HotcA 

notch  appears,  'the  edgesof  this^meet  and  the  ring  form  is 
attained.    T^igure  57  is  a  reconstruction  of  the  left  side  ^-. 
a  larva*  of  ten  days.   The  echinoid  pouch  has  been  omitted. 
The  hydrocoele  (l.hyd.)  has  apisumed  '^^  ?>-;M-e  of  an  inverted 
U,  which  opens  posteriorly.   To  th        ..nd  left  cf  t.  e  stone 
canal (st.c.)  are  two  prominences  (V,I).    These  are  the  rudimentj 
of  the  i^rimary  tube  feet.   The  left  posterior  coelom  (l.p.c.) 
extendi  to  the  posterior  re^^ion  of  the  larvc-..    I":  ib  deeply 
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indented  hy   an  em'bajnTient  on  the  ventral  side.    Figure  58  is 
a  similar  reccnstniction  of  a  larva,  nineteen  days  oDd,  but 
when  I  compared  it  with  o^her  larvae;  I  was  inclined  to  place 
its  ap;e  at  about  sixteen  days.    T'-e  ring  forn  is  complete. 
Tie  rudiments  of  tj^e  five  nrimary  tube  feet  (I ,  II  ,111  ,IV,V) 
have  a"peared.    :^rom  a  study  of  a  number  of  reconstructions, 
T  find  that  the  U  is  united  between  those .  rudiinents  of  T,he 
primajf-y  tube  feet,  which  I  have  designated  as  II  and  III;  th- 
is, the  legs  of  the  U  form  the  rudirients  cf  two  prir-iary  tube 
feet  (II, JIT).    The  left  posterior  coelom  has  likewise  formed 
v.n  opening  v/bich  finally  comes  to  be  i^iPiediately  beneath  the 
■Tenine-?;  of  the  ring  of  the  hydrocoele.    Thir;  opening  is  fon  ea 
=-■    closing  of  the  emba^-ment  v/hich  v/as  observed  in  Figure.  57. 
^oth  anterior  and  posterior  edges  grow  and  meet  enclosing  th;  , 

pace.    The  left  posterior  coelom  is  extending  to  the  median 

lane  of  the  larva. 

On  the  right  side,  the  right  j osterior  coelom  is  also 
spreading  over  the  v/alls  of  the  stomach  and  intestine.    The 
posterior  region  of  the  right  anterior  coelom  in  the  same 
reconstruction  was  observed  to  be  an  ext^inded  vesicle  flatte:-"- 
against  the  right  posterior  coelom.    The  right  pore  canal^ar 
stated  aVove^  bends  around  the  aorsul   v/all  of  -,he  oesophagus, 
meet  the  left  pore  canal.    Figure  59  is  a  reconstruction  of 

•-sal  part  of  larva,  fourteen  days  old,  the  region  embri^ced 
is  in  the  vicinity  of  the  oeso;'}ageal-gastri  r-  -■«-•'-■.—  . 
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The  two  pore  canals  are  s'?-n  with  a  sin^^lft  r.-'-dian  opening.    It 
is  ohserved  that  the  rifht  pore  canal  opens  into  that  leading  from 
the  left. anterior  coelom.    Cirave  described  in  1902  two  similar 
pore  canals  in  ':.  testudinata. 

figure  62  is  a  transverse  section  of  a  thirteen  day 
larva  through  the  lower  part  of  the  oesophagus  (oe.).    In  this 
section  the  dorsal  pore  is  not  shown.    On  the  right  is  the  anterior 
coeloTT:  (r.a.c),  v;ith  the  rir^t  pore  canal  (r.p.c.)  leading  norsally 
ji^f£n.-v.  in  -..nother  .le-ti  on ,  J^s  V4rior  to  this,  &j  n  Irft  pore 
;___„_-, — r-^ — ^.    I'his  canal  arises  in  the  amimlla  (amp),  the  walls 
of  v/h.ich  are  thin  and  the  nuclei  scattered.   The  hydrocoele(hyd. ) 
is  "beneath  the  mass  of  cells  (ech.p.)  which  is  the  wall  of  the 
echincid  pouch  or  anniotic  cavity.    The  hydroccele  (l.hyd.)  is 
connected  with  the  ampulla  (amp.)  hy  a  short  tub ei the  stone  can. 
(st.c.)  ,which  is  formed  as  the  hydrocoele  draws  away  from  the 
ampulla.    The  right  posterior  coelom  (r.p.c)  and  the  left 
posterior  coelom  (l.p.c.)  are  fcxind  on  each  side  of  the  stomach. 

I  v.'as  ahle  to  conf  irm  MacBride 's  observations  on  the" 
apical  nervous  system  of  3i.  esculents.    In  larvae  of  five  daj's , 
there  is  found  at  the  apex  of  the  praeoral  lohe  a  thickening  of 
the  ectodermal  epithelium.    From  the  cells  of  this  thickening 
(  i  v.  60  a. p.)  nerve  fibrils  extend.    These  ..re  found  running 
from  right  to  left,  and  in  the  illustration  their  cut  ends  (n.p. ) 
are  observed  beneath  the  ectodermal  thickening.    The  apical 
plate  which  has  been  mentioned  by  many  writers  ■        strula  is 

■..   .  "ravp  (17)    2.  E.  V\       *■'*"(  24) 
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\.fell  developeci  in  Foira,  where  it  is  comi-osed  dt   long  col 
ectoderm.   -,  owever,  in  connection  with  tnesej^l  was  unable  •: 
descrihft  any  fibrils  or  other  evidence  of  nervous  tissue.   As 
pointed  out  by  I'ac  Bride,  this  structure  beconies  part  of  the 
ventral  bcrd^-r  of  the  praeoral  lobe. 

Dr''^,rF:L0'OT"CF:?"^T  of  '"  'I'ni?'rF''MT. 

The  echinoid  irouch  forns  a-a  an  inv^^bins-tion  of  the 
lateral  border  of  the  larva  betv;een  the  bases  of  the  fjostero- 
dorsal  and  pcstoral  arms.    This  increases  in  size  on  coming 
in  contact  with  the  hydrocoele.    T-''e  base  enlarges  while  the 
j/perature  constricts  sothy.t  ■(.Yi'?,   striicuur:^.  is  similar  to  a  flask, 
"••he  echinoid  pouch  increases  until  t  ere  is  forrjed  over  the 
hydrocoele  a  large  sac,  w.-iich  opens  to  the  exterior  by  a  small 
V'ore.    Tbe  cavity  of  the  echinoid  pouch  will  hereafter  be  called 
'i-e  amniotic  cavity.   ^he  floor  of  this  cavity,  which  is  in 
contact  v/ith  the  1-ydroccele,  thickens  whilp  the  roof  is  drawi"! 
out  so  as  to  consist  of  a  thin  layer  of  tissue  with  scattere 
nuclei.    on  the  floor  of  .be  amniotic  cavity  tj^e^e  e»jr i s «s  f 
five  radiating  thickenir  l^   "i-ese  correspond  in  };osif.Jon  tc 
r,ure  interradii,   figure  61  is  a  transverse  section  t 
rou^'h  a  larva  of  fourteen  days  old.    The  t  shaped  structuf 
on  the  floor  of  the  arrjiiotic  cavity  (amn.)  is  derived  from  ty 
ridces  above  mentioned.    At  their  apices  these  ridges  bud 
laterally  rep.f.).   'r-hese  lateral  ad  itions  rr---t  and  fuse  .,nd 
sr  there  is  formed  within  the  amniotic  cavity  another  cavity 
which  is  confined  within  these  ridges  and  roofed  by  their 
overhanring  eaves.     This  resulting  cavi  ,v  consisit;  of 
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five  arras,  in  '.he  futur*^  radii,  and  a  central  space.    Figure  61 

also  s'ows  the  hydrocoele  (hyd.),  the  ampulla  (amp)  and  part  of 

the  Tirfe  canal  (hyd.ca.).    The  left  posterior  coelom  (l.p.c.) 

is  ventral  to  the  hydrocoele  and  at  this  period  has  not  extende. 

"beneath  it.    "figure  63  is  a  section  showing  the  ori£-in  of  those 

pouches  which  are  the  rudiments  of  the  lantern  apparatus  in  tho 

echinoids  which  are  pcsse-.sed  of  a  masticatory  a;  naratdj^s.    The 

dental  sac^as  I  shall  call  it  to  preserve  the  analogy,  arises 

as  an  evagination  of  the  left  posterior  coelom  in  the  five  intei- 

radii,  close  to  the  hydrocoele  ring.    Their  pcstion.  is  sl^own 

in  T'igure  58  v;hich  is  a  reconstruction  of  a  larva,   19  days  olu . 

'T'he  dental  sac  (d.s.)  is  placed,  hetween  a  part  of  the  rudiment; 

of  the  radial  water  canals  nunhered  n  and  III.  (?ig.  63).    At 

Yo-dio^  Lu-tv^iA  ccxjiAa'^ 
this  stage,  the&«  are  ujir-sli'    ~,he  primary'  unpaired  tube  feet.   Its 

v/all  is  of  a  thickened  epithelium.   The  dorsal  pore  (d.p.)  is 

clearly  shovm.    Above  the  radial  water  tuhe  III,  the  cells  of 

"e  amrJotiCkfloor  are  made  up  of  long  cylindrical  cells.    ThSse  ctK 

will  hecome  the  radial  nerve    (n.3). 

To  observe  the  further  develcpmei...  v.    ..  u^-  or.ju^.^i-a, 
the  origin  of  v.'hose  rudiment?.  '•  ave  been  traced,  it  v.lll  be  v/ell 
to  examine  several  sectic        L-xrva  which  vrould  have  soon 
settled  to  the  bottoi-;. 

■^igure  64  is  from  a  transverse  ^.ection  r.hrouf'h  "he  .. 
oesopiiageal-gastric  aperture  and  anterior  to  the  hydrocoele  rlr^i. 
and  also  through  the  anus  (a.)   The  right  posterior  (r.p.c.) 
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coelor.  is  a  thin  cavity  with  thin  walls;  anteriorly  it  extends 

alon£:  the  oesophagus  to  the  posterior  horder  of  the  ri^ht  anteri.. 

coelom;  posteriorly  it  reaches  nearly  to  the  base  of  the  unpaired 

arm.    T}^e  ritTht  por^  canal  (r.p.ca.)  which  coninunicates  with  the 

right  ant^^'rior  coelom  is  ohserved  in  communication  with  the  left 

pore  canal  (l.p.ca.),  as  was  hrought  out  in  a  reconstruction  of 

larva  of  .earlier  statue.  (Pig.  59.).    The  dorsal  pore  (d.^.)  -*»- 
/A 

is  the  aperture  hy  which  the  left  pore  canal  (l.p.ca,^  opens  to 
the  ext-^rior.    Tre   left  posterior  coelom  (l.p.c.)  occupies  a 
more  extensive  position  than  the  right  posterior  coelom. 
Throughout  most  of  its  extent,  as  ma;'-  he  ohserved,  the  coelcniic 
epitheliim  is  a  thin  memhrane  with  scatter'^d  nuclei.    i-'cwever, 
in  the  dorsal  part  of  the  section  the  nuclei  are  more  closely 
grouped.   "Retween  the  left  posterior  coelom  and  the  digestive 
tuhe  and  at  the  "base  of  this  modified  dorsal  part  of  the  left 
posterior  coelom  is  a  small  round  cavity,  the  stone  canal(st .c. ) . 
The  left  posterior  coelom  lies  between  the  stone  canal  and  the 
radial  vater  tube  (r.5)  which  in  the  notation  I  have  adopted  is 
The  radial  nerve,  (r.n.5)  lies  ahove  the  radial  water  vessel. 
The  radial  nerve  consists  of  a  core  of  nerve  fibrils,  surroundeu 
by  many  cells,  wV-ose  nuclei  stain  deeply.    A  number  of  the 
nerve  fibrils  can  be  traced  to  cells  in  this  section.    The 
epineural  cavity,  (ep.c.)  surrounds  the  radial  nerve.    It  is  thi.. 
perceived  that  the  nerve  arises  as  a  thickening  of  a  bcttom  of  a 
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tube,  and  as  the  nerve  increases  in  sif.e,  the  epineural  cavity 

must  decrease.    The   epineural  fold  ^ep.f.)lies  between  the 

epineural  cavity  (ep.c.)  and  the  amniotic  cavity  (amn.)  which  is 

the  cavity  of  the  original  ectodermal  invagination.   The  prima;  , 

o-f  -thv. 
tubs-foot  (t.f.)  of  v/hat  will  he  the  extrerai  cyruo  ial  v/ater' tutve  /  v 

/'s 
jrins  above  the  ventral  region  of  the  left  posterior  coelom  ri.p.c.) 

Figure  65  is  a  transverse  section  throu£,ii  the  same  % 

larva,  thirth-six  microns  posterior  to  the  section  drawn  in 

T-igure  64.    Tbis  section  passes  through  the  hydrocoele  ring,  in 

the  region  of  the  adult  mouth.    '^he  epithelium  of  the  stomach 

is  ciliated.   The  hydrocoele  ring  (l.hyd.)  lies  above  the  stomach. 

The  hydrocoele  ring  has  enlarged  somev/hat  out  of  proportion  to 

grov/th.    The  opening  of  the  ring  is  reduced,  so  that  in  this 

section  it  is  observed  as  tv;o  adjacent  parallel  strands  of  tissue, 

I'he  n&TYe   ring  (n.r.)  is  observed  to  the  left  of  the  hydrocoele. 

The  adult  stomadum  (ad.s.)  has  appeared  as  an  invagination  of  t  ■ 

ectoderm  of  the  future  echinoderm,  and  lies  between  the  two  pan.;:; 

of  the  nervp  ring.    Between  each  nerY^    ring  and  the  i. rr'ur  ,  m'i ng 

hydrocoele  cavity  is  a  cavity.    The  dorsal  cavity  —  — — . 

■ is  connected  with  a  dental  s/.c  .'^d.s . ) .    These  cavities 

are  ..„rT:£  of  the  perihaenial  ring  (p,h.).    They  arise  from  the 

dental  sacs.   After  these  sacs  are  constr\ctedJbff  from  the  left 

posterior  roelom,  their  inner  sides  push  in  between  the  nerve 

^'"'"^■i  '-ydrocoele  ring,  these  outgrowths  do  not  fuse  but 

remain  as  five  polygonal  cavities,  between  the  nerve  ring  and  tj  e 


(50) 


hydrocoele  ring.    Thus  there  are  four  rinf-s  illus-t rated  in  this 
figure,  the  hydrocoele  or  water  vascular  ring,  the  perihaenal  rin; 
of  five  separate  cavities,  cne  verve  ring,  and  the  epineural 
rinc.    n  ihe  ventral  side  of  the  ring  is  another  dental  sac  (d.s, 
but  this  section  does  not  ptiss  through  its  connection  v/ith  its 
corresijonding  cavity. 

figure  66  shows  the  same  condition  for  a  larva  of  lat 
stage.    The  dental  sac  (d.s.)  has  pushed  its  way  thpough  the 
ectodern  and  in  reconstniction  the  five  sacs  appear  as  finger 
like  projections  around  the  mouth.   Three  of  the  perihaenal  cavi- 
ties are  sectioned  (p.h,).    L'^e  other  structure  ar*^  similar  to 
figure  66.    The  hydrocoele  ring  (l.hyd.)  conti-.ins  many  v.-.^dej-- 
inf  cells.    This  section  passes  through  an  interradius^,  vrftjrc-ii 
contaiae  a  dental  sac,,  **w- ^  fL.,i.»i\..s .    The  radial  nervf'  (r.n.) 
with  the  long  str£,nd  of  nerve  fibrils  is  seen  arising  in  the 
ventral  side  above  the  hydrocoele. 

"figure  67  is  a  section  through  the  anterjor  region  of 
a  lar^-^'  after  loosing  its  arms.    The  section  passes  through  the 
commencement  of  the  hydrocoele  ring.    The  stor-iach  (st)  shows  that 
change  known  as  histolysis.    The  cavity  becomes  narrower  and  the 
entire  digestive  tract  instead  of  heing  two  large  cavities  as  li- 
the larva,  is  now  narrowed  to  a  tube  su]  ;'orted  by  walls  of  the 
two  posterior  coeloms  v.hich  enlarge  to  meet  these  new  condition.  . 
-'he  walls  of  the  digestive  tube  are  also  thicker  and  folded. 
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•"hP  stone  canal  (st.c.)  is  shown  in  part,  v/hile  the  connection 
v'ith  the  dorsal  pore  (d.p.)  is  here  indicated  'hy  a  dotted  line. 
The  two  rtadial  nerves  (rv  n.  4  and  r.n.^T. )  of  the  radiiJV  and  IT 
are  shown.    Between  them  is  a  perihaeirial  cavity  ^p.h.)    A  rad:dl 
rater  vessel  (r.v/.v.IV  and  r.w.v.V.)  is  heside  each  nerve. 
Beneath  these  structures  is  the  v^all  of  the  hydrocoele  ring  (l.hyd) 

Before  the  larva  e.ives  up  its  pelagic  hahit  it  ■becomes 
unsyrnraetrical  by  reason  of  the  echinoid  on  its  left  side.    The 
tube  feet  and  spines  break  through  the  thin  roof  of  the  arri»i4ioti 
cavity.    Then  the  ciliated  band  diminishsc^  and  the  larva  slowl;; 
sinks  to  the  bottom  and  locomotion  is  effected  by^ube-feet  and  rA. 
spines.    Externally,  the   cj'ictn£:;es  at  this  time  are  rapid,   ".'he 
crrns  disappear  after  they  are  carried  as  useless  impediments  for 
a  day  ov   so.    The  outline,  which  is  at  first  regular,  becomes 
elliptical.    -figures  -58  and  69  are  from  a  young  adult  at  this 
time.    -"he  lip  of  the  plastron  is  formed  (l.p,),    Hurroundine;. 
the  mouth  are  five  t^-^ntacles,  which  are  placed  in  .erradially, 
ihese  are  the  dental  sacs.  (d.s.).    In  t/.e  radii  are  tube  feet. 
The  unpaired  tube  feet  ap;.'ear  as  papillae  on  the  dorsal  surface 
at  the  tips  of  the  radii.    The  spines  are  mounted  on  knobs  and 
through  the  thin  epidermis  tie  muscles  v/hich  w^  ^hen  are  visible. 

subsequent  to  the  gastrula  stage,  the  important  chang--.. 
are  as  follovs.   -?he  coelomic  pouch  or  entercoele  separates  from 
the  archenteron  before  dividing  into  right  and  left  enterocoele.- 
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•^ach  enterocoele  separates  to  form  an  ant-rior  and  a  posterior 

coelom.    ^"e  right  ant'iriur  co'ilora,  after  is  has  separat-ed  from 

the  right  posterior  coftlom,  undergoes  no  furtr.?.r  division  hut  s'^tnds 

out  a  tuhular  [process,  the  right  pore  canal,  which  fuses  with  a 

similar  process  of  the  left  side,  the  left  pore  canal^and  the 

latter  op'=ins  '.o    the  exterior  hy  the  dorsal  pore  or  madreporite. 

The  left  coelom  se^-jarates  into  an  anterior  portion  and  a  posterior 

portion.    "^he  left  posterior  coelo.^n  ■becomes  ring  shaped.    The 

left  anterior  coelom  enlarges  in  its  middle  region  and  from  thio 

sent 
enlargement,  t.'-e  ampulla,  there  is. off  the  left  pore  canal.   The 

posterior  region  draws  away  from  the  ampulla  "bvit  does  not  separ.tte. 

'^he  tuhe  which  connects  this  ^:.osterior  region,  t.-.e  definitive 

hydrocoele.with  the  ampulla  is  the  stone  canal.    This  poste-^ior 

region  of  the  left  anterior  coelom,  the  hydrocoele,  elongates  p 

posteriorly  to  form  tv/o  legs  and  thus  appears  as  an  inverted  Uy 

fro'         and  sides  of  which  three  outgrowths  appear.    Just 

itnt»rior  \c    zhe   tips' of  the  legs,  they  are  joined;  and  thus  a 

i-.ydrocoele  ring  is  formed  with  five  outgrowths,  as  those  tips  of 

the  legs  beyond  the  junction  form  the  remaining  two.   These 

outgrowths  or  primary  tuhe  feet  developf  jairs  similar  outgrowt.  . 

c.  ,    .       .  .        -SI       (,«.1-<l'r.u^tt» 

xrora  their  siaes,  inese^are  i.he  paired  tube  feet  of  which  at  the 
tine  of  settling  down,  each  radial  -,.ater  tube,  as  it  is  now  called, 
may  have  two  pair.   We  left  posterior  coelom  interradially  gives 
rise  to  finger-like  outgrowths  which  become  pinched  off  from  the 
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left  posterior  coelom.    T-'':*^^".-         send  invaginations  towards 
the  centre  of  tre  ring  'between  aerv^  ring  and  riydrocoele  ring; 
these  evaginations  do  not  fuse  hut  remain,  above  the  h^'-drocoele 
rine,  a  ring  of  five  separate  cavities,  called  tne  peri  aerial 
rin^":.   The  Cental  sacs  persis'-.as  j^^pillae  throut^h  all  the  materia: 
v/hich  h^s  been  examined.    in  nhe  adult  chere  is  f  ormed  ,surr  outl- 
ine the  mouth  a  perieosophacnal  sinus.    In  mj/-  work  I  have  acco 
ed  for  the  remaining  structures  of  the  mouth,  and  l  am  led  to 
hope  that  study  of  later  stages,.^  than  those  which  I  have  been  t:.us 
far  able  to  procure,  v/ill  show  that  the  perioesophageal  sinus  is 
derived  in  some  manner  from  these  dental  sacs.    ";he  remainder 
the  structure  of  the  oral  surface  is  derived  frojn  nn  ectodermal 
evacination,  the  echinoid  pouch,  of  the  left  sid*^  of  ihe  larva 
i"T-diately  above  the  developing  hydrocoele.  loor  of 

the  pouch  which  is  thus  formed   there  develojjed  interradially 
five  ridp-es  from  t..-e  summits  of  which  outgrowths  are  developed, 
^hese  outgrowths  meet  and  thus  within. this  cavity  of  the  echinc- 
fjouch,  the  arruiiotftc  cavity,  a  five.armed  cavity,  is  formed.   The 
floor  of  these  latter  cnvities  thickens  to  form  the, nerves,   Th' 
at  the  future  ^nouth  of  the  adult  there  are  cr:'-  following  structures 
co/nmencing  from  the  larval  stomach,  the  left  posterior  coelc, 
the  hydrocoele  ring,  the  perihaemal  ring,  the  nerve   ring,  the 
epin-ural  cavity,  the  epineurnl  fold,  or  roof  of  the  epineural 
cavity,  and  the  amniotic  cavi   .       ^he  tube  feet  force  their 
way  into  the  amniotic  cavity,  ;.  th  them  ;m  ectodermal 

layer  formed  from  the  floor  of  he  e<,.ir:oia  pouch.   The  dental 


sacs  receive  their  fictodftrm  in  a  similar  inanner.         :- 
arise  from  the  floor  of  the  njinniotic  cavity  and  Lr.e  earliest 
spines  app^.'.r  along  the  ridges,  ?.bove  mflntioned.    '""'^^  .Lrnral 
surface  is  derived  from  the  right  side  of  the  lar-v  ;..       larval 
arms,  and  oesophagus  disappear,  the  larva^  anus  closed..   An 
invagination  of  the  floor  of  the  amniotic  cavity  becomes  the  ad 
mouth,  which  meets  an  evagination  from  t;  e  larval  stomach,  the 
adult  oesophagus.    The  larval  stomach  -md  intestine  shrink,  an 
this  is  accompanied  "by  great  enlargement  of  the  coelomic  caviti- 
the  walls  v/hich  henceforth  act  as  mesenteries.   The  adult  assu 
an  elliptical  shape  Ye.rir   early  after  metamorphosis. 

eoiTCLUSlOFS. 
.1-.  ■-■..^.   apical  sj'^stem  consists  of  seven  piatss,  live 
radials  and  tv/o  "basals :  each  of  the  two  latter  plat'-s  evidentlj, 
represents  more  than  a  single  original  basal. 

2.  There  is  a  single  siphon, 

3.  The  development  of  ^'oira  is  Yery   rapid;  the  second 
segmentation  division  occurs  one  hour  after  fertilization; 
metamorrjhosis  takes  place  in  about  twenty-two  days. 

4.  The  sperm-nucleus  rotates  as  described  for  other 
forms;  and  after  rotation,  the  sperm-aster  forms.    The  sper  - 
nucleus  assumes  a  v^-j^jA-jbari^tH-rr  as  it  advances  towards  the 
f-male  pro-nucleus.      \ 
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5.  The  enterocofiloi'iic  cavitif^s  are  hb)r.^<^   pinched  off 
from  the  archent-^ric  cavity  before  they  divide, 

5,  Therft  are  two  pore  canals,  the  rij^ht  canal  opening 
into  th''  left  canal  which  is  first  formed. 

7,  ^he  right  anterior  coelora  persis  s  as  a  cavity 
attached  to  the  stone  canal  near  the  dorsal  pore  or  madrepori te, 

8.  "^he  hydrocoele  ring  corjaences  tia  a,n  inverted  U;  tr  e 
legs  of  the  tj  unitsf  to  form  the  ring. 

- ''  '  &y    'T'he  dental  sacs,  at  the  metarr.orpnosis  nave  given 
rise  to  five  vesicles,  which  surround  the  mouth,  and  the  five 
divisions  of  the  perihaemal  ring. 

'"-- —  V()^    T'here  is  an  apical  larval  nervous  system  at  the  ape:, 
of  the  praeoral  lohe. 
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ventral 
Arbeit. 
Bd.  WT  . 


ror   secticnino 
int*d  in  cells 

■ikr.b.    ■.     :,94. 

-  \xialor, , .^  aer 

-ume  der  Astsriann. 
1,  Tnst.  d.  T^iftn.  B4-. 
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f:i9)   F.    ^elenka  v«»imblattsr  und   organlage   der  Fchinia-    . 

Zeiti.    ^'^^  "'itia.    Zool.    Bd.   XXXIII, I680 

(^0)  E.   "B,   vjilson  /vrchoplasm,    Cftntroaome ,   and  rhi-omatin 

in   the   Rea-urchin  Ti;^'. .       '^"'  '"^' .    "   rpri . 
"^''ol.    XI.    1895. 

(J)l)  i'v  .  /vtias    of   thft   T^ftrtiliza'. ion   j.nd  ?:aryokines3 

of   t/r.oi   ovum.    lR9o, 
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Tiifaturation,  "^ertilii'.ation,  and  "Poiarj 
in  th"?  vchinoderm  Fgg.  journ.  Tcorph< 
vol.   X.    18915. 


PLAT7:S. 

ad.    St.  adult  ■  stoniadeum 

a.    '^nt.  archfinteron 

a.    1.  antero-latera,!  am 

aiT^nillae    of   tube  fest 

airiTiulla 

arin .  arnnii^otic    cavity 

an.  anus 

'.n.    1.    s.  skeleton  of   anterc-lateral   arm 

ajjical  plate 

ap.    s.  apical   system  of  plates 

i-x.    or,  axial   orpjan 

"ha.  "basal    <.late 

*  .    1.  "i)lood   lacuna 

"l^'.    '"■V.  body   epithelium 

cal.    rd,  calcareous    rod 

c.  c,  cleavage   cavity 
coe,  coecum 

cosl,  coelum 

^.   P.  dorsal   p,jr'=- 

d.  s.  dental   sac 

^-    ^'  entrance   cone 

^^-  ectoderm 

''^^'  excr-^tcr;/   bodi-s 

•cii.    p.  ftchir 

"•    '  •  entrance   furmel 


f»ndV' . 

■»nt.    c. 

-nt. 

ep.    c. 

ep.    f. 

^,    1,    ^, 

fas. 

f.    m. 

g.   a. 

go. 

g.     V, 

int.    A. 

5.nt.   -R. 

1.    0..    c. 

1  .    •  . 

1.  i^yd. 

1.   ra. 

1.    oe. 

1.    P. 

1.    P.    c. 

1.    p.    ca 

.1.    sto. 

m. 

mad. 

f2) 

'•ndoblasLic  cells 

-ntero  coelo""-- ^'  '-•.ir-it^,- 

anteron 

ftpineural  cavity 

ev'inftural  fold 

flexure  in  adult  digestive  tube 

fascicles  or  Semites 

vitelline  or  fertilization  ni^.rrCoruni 

genital  aperature 

gonad 

f'ierminal  veside 

first  part  of  adult  int'^stin^; 

reversed  part  of  adult  intestine 

left  anterior  coelom 

longitudinal  ciliated  hand 

left  hydro coele 

larval  mouth 

larval  oesophagus 

left  posterior  coelcn 
left  pore  canal 

larval  StO'-iarienrr. 
adult  rrif-  ■ 
■  ■udr^  :.(.-:-;■  ze 
r;<e  y  f:  n ':  e  i ;. 
iMesencl-jie  tells 


mic,  microi'iei'es 

m.    p.         middle  piece  of  s  erra 

mus .  muscle 

N    ,    IT  ,    ^tc.      radial  nerve 


n.  f. 

nerve  fibrils 

n.  r. 

nerve  ring 

-. 

oesophagiis 

;,e;.. 

petaloid 

p.  d. 

postero-dorsal  arm 

]■.  d..  3. 

skeleton  of  postero-dorsal  arm 

Tied.' 

pedicillariium 

P.  h. 

perihaemal  canal 

pl. 

plastron 

P.  1. 

post-oral  lohe 

prae-oral  arm 

p.  ce  .  s  , 

perioesophageal  sinus 

raci. 

radi-il  plate 

r.  a.  c. 

right  ;.n'-'  i  -  -■  -r  elom 

rd. 

rod 

rec  . 

rectum 

r.    n^,  r,    n^it'-<  radial   nerve 

1".    P.  c.  rifiht   i)osterior  coelom 

1".    P.  ca.  right   pore   canal 

r.   w.  v„    etc      radial  wrater  vascular    tube 

s  .   a,  s,,p,-jyi  aster 


■.c.h 


sinus   surr..unding  axial   or>:an 
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siphon  or  accessory  intes'nine 

a,    n,  spftrm  nucleus 

sph.  sphinctfir  lauscles 

St.  stomach 

St.  c.  stonft  canal 

t=!nd.  tendon 

t.  t.  tuft  of  spines 

u.  p.  unpaired  -..osteriui  --1.11:1 

u.  ]).  s.      skeleton  of  unpaired  posterior  arm 

ver.  vertex  of  test 

w,  V.  r.      water  vascular  ring  or  hydrocoele  ring 

X.  origin  of  coecujn 

T,I,  ,   /.radial  water  tuToes  or  primary  unpaired  tube  fe^ 

1,  2  .i-,:.nc*-. ions  of  siphon  with  fiit«st;ive  tul-.e. 


T^iC,  1.        nia;  rnn  of  ""oira  atroj^os  in  section  01    s;c:i.i.. 

^-^  educed, 
■^ig.  2,  ■Dhotorrarjh  of  TToira  atropos  to  show  number  of 

outlet  tuhes  constructed  hy  same  animal  in  aquarium. 
■^ig.  3.       f^hotocraph  of  surface  of  shoal  to  show  openin, 
of  outlet  tubes.    indicated  by  arrows.   Reduced. 

Photograph  of  interior  of  oral  half  of  test,  •_ 
show  arrangement  of  plates  around  the  mouth  fm) , 
arranf;ement  of  plates  in  radii,  and  the  plastron(Ti 
Nat.  sii:e. 

■Dhotu,'  rvqjr  o]  -irner-, -r  uj'  l*- ■  t  :-.:i.ir  of    r.est. 
'at,  size. 


^i 
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Fig,  r,.       Photograph  of  interior  of  aboral  half  of  test, 
t.o  show  sunken  y.i^taloids.  (pet.),    >Tat,  si;;e. 

■Pig,  7,       "Photograph  of  exterior  of  oral  side  of  test, 
j'^outh  (m,).    Kat .  size. 

■^ig.  R.       Photograph  of  exterior  of  ahoral  side  of  test, 
■ofttaloids  (pet,).    Apical  system  fap.s.).   Genital 
apertures,  (g.a.)   T-^adreporite  (mad,).    "-ertex  (ve. 
•^T-ascioles  ffas.)    Nat.  size. 
.  '-^ .       Photograph  of  exterior  of  left  bi^e  of  tes*.,  -- 
.■,hov;  convexity  of  plates  and  arrangement  of  spines, 
^"at .  size,    ("Pigures  4-9,  aft=:r  A.  Agassiz). 

^i£.  lO.      photograph  of  T'oira  atropos.  x.  l/2 

"ig,  11,      internal  anatomy  from  left  side,  to  show  the 
organs  of  digestion,  axial  organ  (ax,  or,)  ,  -^rin 
ambulacral  hrushes,  (am,  b,)    x  1  l/2 

t^ig.  12,      internal  anatomy  from  right  side.  Gonads  (9o). 
1  1/2 

T^ig,  1'6,  Apical  system  of  plates,   xlo 

■"-■ -^ .  ].',      "niagram  of  organs  of  digestion,  fro":  --^n-ral 
:-.ioe.   X  2. 
.  In,      section  of  mouth  of  adult  through  the  anterior 
impaired  radius  and  posterior  unpaired  interradius, 
'  erioesophageal  sinus  ^p.  oe,  s,),  x  159 

~i  .  .  .      "Hisk  of  amhulanral  brush  to  show  fimbriated  edg 
and  calcareous  skeletal  rods  (in  cutline),    x   33 


■^ie.  1*^.      ralcarf:ous  skeletal  rod  of  ciisk  of  amculacral 

hrush,   X  144. 
"ig.  IR.      Transverse  section  of  axial  or^an,  ni»ar  marire- 

porite.   (Fig.  26,18).      x  150. 
]'^ig.  1'^.      Transverse  ssotion  of  axial  organ,  through  region 

uf  colorless  vesicle.   C^ig,  2.6,  19)   x  15o 
■^ig,  20.      Transverse  section  of  axial  organ,  throu^ih 

commencement  of  "brov/n  gland.   I'^'ig,  23,  2o.)   x  15o 
^ig.  21,      "transverse  section  of  axial  organ  through  glan  . 

(^ig,    26,    21.)   X   150 
■c'ig.  22.     ■  'T'ransverse  section  of  axial  organ  sinus  near 

oesophagus.   (7ig.  26,    22),   x  150 
T^ig.  23.      T)iagrara  of  axial  sinus  from  "c-igure  12  to  show 

positions  of  i^igures  18-23.    x  2. 
~ig.  24.  ■     Unmaturated  egg  of  Foira  atropos.   Germinal 

vesicles  {z,    v.).    cytoplasmic  rays.   x   9^4-. 
^ie.  25,      S'^ction  of  fertili^-ed  egg  m  r,o  r,   nfter  fertili- 

i-;ation)  ,   x  192R 
^^S*  26.      section  of  fertilized  egg.  (3min.)   sperm  nucleus 

in  rotation,   x  1928 
^iG.  27.      section  of  fertilised  e.g.  (9  min.).    Pro-nucl 

in  contact.    rentrosome  and  sperm  aster  divided  x   •■  ,  ^^ 
-i£.  28.      section  of  fertilized  egg.  (12  min,)    fusion  cf 

nuclear  material,   x   8Vo 
^iE.  29.      section  of  fercilized  egg.  (ifl  min.)  T.-^ormation 

cleavage  spindle.   x  870 
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Tr'ig.  30.      qftction  of  fertilized  egg.  (27  nin.).   ^'etaphar.e 

■:?i  - .    .11.  ejection   of   f*?rtilized   f.r.i:    f.'jo  min.)      Trarly  ana- 

I'hase,      X  87o 
"C'ig,    32,  ejection   of   fftrtili;-:ed   egg    (39  inin.)      /anaphase 

Continuation   of    rays    of  amphiasters   with   cytoijlasmi' 

granules,     x      S^o 
'^ii:.    33.  section   of   fertilized   ege ,      (39  min,      precocioui. ) 

'^'ilaphase.        "oau^hter  nuclei,         rentrosoirtes    divideci. 

X   87o 
■^i£.    34,  qection   of   two-cell   stai-e    (51  min,),      ?'etapha?- 

X      87o 
Tig,    35,  T^our-cell   stage,        T^erti  lization  laerabrane    ^f.m.). 

X      870 
■n^ig.    36.  Twelve-cell   staf-e.        ?«icromeres    (mic.)      x.  513 

^ie.    37,  Longitudinal   section   of   16-cell   stage.      rleava 

cavity    (c.    c. ).      x  313 
■cig,    38,  i^ransverse    section   of   32-cell   stage,      x      313 

T^'ig.    39.  Longitudinal   section   of    early  blastula    (3  hrs. 

^■leavage   cavity    (c,    c.),    vitelline  nembrane    ^f.m.), 

micromeres    (rnic.)      x      313 
■■"'-■•    "^O.  Longitudinal   section   of    late   blastula.       (6  hrs. 

■formation   of  mesenchyme,    (mes,),        x      53o 
^'ig,    41.  Longitudinal   section   of   early  gastrula    (9hrs.). 

Archenteric   invagination    (d.    ent . ) .     Neaenchyrnatous 

nusculature    (mus , )      x      313 
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optical  longitudinal  section  of  late  gastrula. 
flP.   hrs.)   'Apical  rlate  (ap.^.   >:  ^lii 

Longitudinal  section  of  late  gaBtrula.  ':i«  '■■^^■. 
formation  of  enterocoele  (ent.  c.)   x  4I0 

Ti'ig,  44,      Longitudir>al  section  of  late  gastrula  riB^irs.). 
pight  and  left  enterocoeloKic  cavities  (ent.  c,). 
definitive  enteron  i^'rnt.).    x   4lo 

T-i;-  .  ....       lateral  view  of  late  gastrula  '1 
form  of  ]arva,   x   41o 

■^ie.  4G.      Longitudinal  section  of  larva  (plute^us,  22  hrh), 
Tarval  stonadeum  ri.stg.),  oesophagus  (l.oe.),  stomach 
(St.),  and  intestine  (int.).   ITo  opening  betwesn 
stonadeura  and  oesopha/.us.   x  41o 

"^ig.  47.      Larva.  (24  hrs,),    "oostericr  dorsal  arm  (p,d,), 
praeoral  lobe  (po,l,),   x  253 

■Pig.  48,      Larva  (15  hrs.)  to  show  skeleton,   x  4l0 

"^ig.  49,      Fori^:onital  section  of  larva.  (26hrs,),   recon- 
structed from  two  adjacent  sections.    ■division  of 
enterocoeles .   x  4lo 

^i£.  .^0.      Transverse   section  of  larva  (48  hrs,).   Ampul 
'■d.m.),    pore  c  .nal  (p,  c.).   x  41o 

y^'-  .    •>-i-.      Txrva  (76  hrs.)   Excretory  bodie.s  (ecr,),  antero- 
lateral arms  (a.l.),  postoral  arras  (pt.o,),  -ind 
rudiment  of  prasoral  arms  (p.o.),   x  126 

"Pig,  52,      peconstruction  of  transverse  s'^ctions  of  larva 

(72  1/2  hrs,)  to  show  the  differentiation  of  the  left 
•nt-rocoelomic  cavity.   :  •  "■' 
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"f^ig.  53,  Larva  (148  hrs.)  to  shov/  th-  form  of  zhn  larva, 
the  skeleton  and  the  stomach  content,  ■oraecral  uriru 
fp.o.)   X  23o 

■^ig .  54.      The  left  lateral  sk^-letal  structure  of  a  larva 
^15  da;/s )  to  shov/  the  interlacing  of  the  processes 
of  the  bases  of  the  oostero-dorsal  (p.d,),  antero- 
laf^rla  (al,),  postoral  (pt.o.)  arms  and  the  anterior 
process  of  the  posterior  unpaired  arm.  (u.p.)   x  31:^ 

'^ig.  55.      Transverse  section  of  1  ar'va  (5  days),  near 

posterior  unpaired  arr.       iricter  muscles  (mus.) 
tendons  (tf»nd,),  posterior  processes  of  skeletons  oJ 
the  poste  ior-dcrsal  and  anterior  lateral  arms  (rd.). 
X  tj^^O 

'^ig.  5G.      Pec onst ruction  of  right  side  of  larva.  (124  hr.  . 
to  shov;  differentiation  of  right  enterocoele.   x  ^1' 

■"ig.  57,      F.econstruction  of  left  side  of  larva  (lodays) 

from  horir.cntal  sections  to  show  u-shaped  hyarocoel-^ 
(l.hyd.)  and  the  left  posterior  coelom  (l,p,c,)  v;hi< 
is  also  assujning  the  shape  of  a  ring,   x  -iQ 

^iS,    58.      -Reconstruction  of  left  side  of  larva  (19days) 
from  transverse  sections  to  show  hydrocoele  rint" 
(l,hyd.),  and  the  rudiments  of  the  primary  tube  feet 
(T-^'-).  ^   410 

■^ir.  .'iO.      F.econstruction  of  dorsnl  .si."-  of 

in  the  region  of  the  oeso,  - 

from  transverse  sections,  to  show  the  two  ] 
rr.p.f-M  .  ,,,,1  1  ......  ^  ..     :^.- 


(10) 

'^iC.  ^0.  Longitudinal  section  of  praeoral  lobe  of  larva 
(5  days)  to  shov/  larval  apical  nerVous  system,  >T«r 
fibrils  fn.f .).   x  964 

"^iQ,    61,  ■     'transverse  section  of  larva  (    14days)  to  show 
or  it:  in  of  epinfiural  fold  (eii.f.)   x  '^lo 

■^iE.  'V<i,      "ransv°rse  asction  of  larva  (i;'idays),   T.eft  pc; 

canal  (l,p.ca,),  ampul^la  (iirrij. .),  stone  canal  fst.ca.) 
left  hydorcoele  (l.hyd,),  left  posterior  coelom  (l.^  .c) 
and  v;all  of  echinoid  pouch  (ech.p.)   x  4lo 

"Pig,  63.      Transverse  .section  of  larva  (19days),  to  show 
origin  of  denta-1  sacs  (d.s,),   x  tVdo 

-^ig,    64.      Transverse  section  of  larva  Crowed,  22  days?), 

■norsal  pore  (d.p,),  radial  water  tube  (r  ),  nf.rYfi    ( r>,  e 
epineural  cavity  (ep.c.)  enineural  fold  (ep.f.)  x  5io 

•^ig.  65.      Transverse  section  of  larva  (Towed, 22  days?). 

■ydrocoele  ring  (l.hyd.),  n-  ve-ring,  (n.r.),  dentaj 
sac  (d.s,),  perihaerral  cavity  (p.h.),  adult  stomadeal 
invagnation  (ad.st,),  x  53o 

^ig.  66.      transverse  section  of  larva  (Tov/ed.  "A   days?)  to 
show  relationship  of  structures thr.       -  region  of 
the  adult  mouth,   x  lo6o 

'^iC.  •■"57,      Transverse  s'^sction  of  y...ung  adults,  to  show  his- 
tolysis of  the  digestive  tube  (st,int,),  stone  canal 
(st.c.),  hydrocoele  ring  (l.'yd.),    radial  v/aner  tub-, 
^r .w.v.^.5. ) ,   X  9  64. 

"^^S.  68.      -"Central  side  of  young  adult,  after  loosing  the 
larval  arms,   x  196 
.  ^.       dorsal  side  of  vr,,mg  adult   -  -  ■  -■         _^;,6 
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